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INTRODUCTION. 


It would be impossible in any work less than a book of con- 
siderable magnitude to describe fully the geology and special 
problems of the various oil-fields (developed or prospective) of 
the cis-Caspian portion of the continent of Eurasia; hence, in 
the following short general account, only those parts of the 
region will be described which have hitherto contributed appre- 
ciable quantities to the world’s supply of petroleum—namely, 
the Caucasus, Rumania and Galicia, although brief reference 
may be made to other districts which have already provided 
small quantities or wh‘ch give promise of future commercial 
importance. Since the three divisions named all lie in southeast 
Europe, practically in one Tertiary basin of deposition, and on 
one great line of disturbance through the Carpathians and the 
Caucasus, it will be convenient to study them first in detail and 
afterwards to consider the relation of the three to each other. 

The location of the numerous oil regions of Eurasia are shown 
on the accompanying map, Plate III. 


I. THE CAUCASUS AND THE CRIMEA. 
Geologically the Caucasus may be regarded as a complex of 


sedimentary rocks, ranging in age from Paleozoic to Quater- 
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nary, the older of which, much disturbed, folded and broken by 
igneous intrusions, occupy the central portion and, with the 
accompanying volcanics, form the highest crests, while the 
younger beds, thrown off on either side, form the lower ranges 
and foothills, and with decreasing age become less affected by 
the disturbances to which the region has at all times been subject. 
Of the later deposits of the region, both Jurassic and Cretaceous 
rocks are the source of oil seepages at various points, but so 
far the Tertiary system only has proved of commercial interest : 
the latter contains oil at many points between the Crimean and 
Taman peninsulas on the west and that of Apscheron on the 
east, and among the districts in which a more or less satisfactory 
yield has already been obtained may be mentioned the peninsulas 
of Kertch and Taman! and the Kuban territory generally? in the 
west, the Bereke oil-field? in Daghestan on the northern flank 
of the main range, Supsa in Kutais and the Navtluga and 
Signakh* districts in Tiflis on the southern. The oil-producing 
horizons in each of these fields are of Oligocene or Miocene age, 
although the Cretaceous oil of Khidirzindi® has to some extent 
been developed. 

- The following table showing the development of the Ter- 
tiaries of the region may serve as a basis for a more detailed 
study of the principal petroliferous districts. 


QUATERNARY: Caspian beds (sands) above with Cardium edule, 
Helix-limestones near the top. Aralo-caspian below, with Car- 
dium, etc. Unconformable to all Tertiaries. 


*H. Abich, “ Einleitende Grundztige der Geologie der Halbinseln Kertsch 
und Taman,” Mem. Acad. Imp. Sci. St. Petersb., ser. 7, Vol. IX., no. 4, p. 
86, 1865. N. Andrusov, “Geologische Untersuchungen auf der Halbinsel 
Taman,” Materiales Geol. Russie, Vol. XXI., pp. 255-381, 1904. 

*H. Abich, “Ueber die Naphta-Bezirke des Nordwestlichen Caucasus,” 
Bull. Soc. Imp. Nat. Moscow, Vol. XL., pp. 289-323, 1867. A. M. Konschin, 
“Report upon the Oil-fields of the Trans-Kuban Province and the Taman 
Peninsula,” Materiali Geol. Kavkas, ser. 2, pt. II., pp. 79-240, 1888. 

*D. V. Colubyatnikov, “La region naphtifére de Bérékei,” Bull. Com. 
géol. Russie, Vol. XXV., pp. 361-412, 1906. 

* A. Riabinin, “ Geological Investigation of Certain Oil-fields of the Signakh 
District,” Bull. Com. géol. Russ., Vol. XXII., pp. 163-228, 1903. 

°E. Yuschkin, “ Geology of the Khidirzindi Oil-field,” Gorni Journal, 1808, 
Vol. 3, pp. 350-362. 
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PLIOCENE: Upper (Apscheron stage in east). Shell limestones ; 
marls and sands, with Cardium crassum, Dreissensia polymor- 
pha. 

Lower. (Baku stage in east, unconformable to above) grits, 
shales and volcanic sands passing up into limestones (Cardium, 
Micromelania, Cypris, Dreissensia) in east; in west, limestones 
with Congeria, Dreissensia, etc. More or less unconformable to 
Miocene below. 

MiocENnE: Meotic. Sandy limestones, marls and _petroliferous 
sands with Aktchagil fauna’ small Mactra, Cardium, Cerithium 
and calcareous alge. 

Sarmatian. Calcareous petroliferous sandstones, gypseous 
marls, sands, etc., Cardium, ostracods. Transgressive over: 

Helvetian and Tortonian. Spaniodon-beds (marls, sands and 
sandstones with S$. Barboti, etc.) above Tchokrak beds below, 
sandy and marly deposits, with Dentalium, Lucina, ete., and 
limestones with Pecten, Chama and bryozoa. 

Burdigalian. Upper part of series of shales, etc., with Mel- 
etta, Spirialis, etc., and in Kertch Burdigalian fossils. 

OLIGOCENE: On north side of Caucasus, continuous series of 
shales, few fossils, Burdigalian at top, Tongrian lower. 

On south; tuffs, breccia, conglomerate (Aquitanian), clayey 
and calcareous sandstones with mollusca (Tongrian), calcareous 
and clayey sandstones with marine fossils (Ligurian). 

EocENE: Bartonian. White marls with mollusca and foraminif- 
era in Crimea and north west Caucasus. Shaly clays with 
fish remains, etc., elsewhere. 

Parisian. Dark gray foraminiferal clays in west and north 
Yellowish calcareous clayey marine sandstones on south. 

Londinian. Marls and limestones with nummulites, fucoids 
etc., in north and west. Clayey fucoidal sandstones, dark gray 
shales and marls and limestones on south. 


Of the series above shown,” the best and most complete sec- 
tions are found in the northwestern districts of the Caucasus, 


*N. Andrusov, 3eitrage zur Kenntniss des kaspischen Neogen,” Mem. 
Com. géol. Russ., Vol. XV., no. 4, 1902. 

*See N. Andrusov, “ Die siidrussischen Neogenablagerungen,” Verh. russ. 
k. min. Ges., ser. 2, Vols. XXXIV., XXXVI., XXXIX., 1897-1902, and on 
the Paleogene, N. Sokolov, Mem. Com. géol. Russ., Vol. TX., no. 2, 1893. 
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eastwards and to the south, the different members are frequently 
absent or feebly developed, the Spaniodon-beds in particular 
being practically absent in the east, though well developed 
westwards. 

Mr. Mikhailovski! has very well discussed the question of the 
origin of the Caucasian oils. He points out the abundance in 
the petroliferous Tertiary deposits of the region of organic 
remains, especially of fish, pteropods and alge, amongst which 
the pteropods (Spirialis) inhabited an open sea, indicating 
marine conditions fitted for nourishing large quantities of these 
organisms, while the land was sufficiently near to provide an 
adequate amount of material for the rapid entombment of their 
remains resulting in the production of petroleum by their decom- 
position, at the same time that the natural alternation of sands 
and clays provided reservoirs for the oil and impervious covers 
to prevent its escape. 


(a) THE APSCHERON PENINSULA. 


The accompanying geological map of the Apscheron Peninsula 
(Fig. 11) will serve to illustrate the geology of the region. 

What are generally spoken of as the Baku oil-fields are in 
reality a few tracts at the base of the Apscheron Peninsula in 
the Caspian sea, all better known commercially than geologically, 
while the production is chiefly from two fields, viz., Balakhani- 
Sabuntchi and Bibi-Eibat, the former about eight miles north- 
east, the latter some two miles south, of the town of Baku. 

The rocks of the peninsula are, generally speaking, progres- 
sively younger as we advance eastwards, the palzeogene deposits 
being found in the west, while the Baku stage is most fully rep- 
resented towards the eastern end. Of the succession of Tertiary 
sediments tabulated above, all (with the exception of the Spanio- 
don-beds) appear to be represented more or less fully. The 
palezogene deposits, termed by Sjogren? the Sumgait series, are 


* Bull. Com. géol. Russ., Vol. XXV., pp. 319-360, 1906. See also A. Rya- 
binin, ibid., pp. 145-182. 
Preliminara meddelanden fran de Kaukasiska naftafalten,” Geol. Foren. 


Stockholm Forh., Vol. XIII, pp. 89-110, 223-255, 1891; Vol. XIV., pp. 383- 
22, 1892. 
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found in the upper part of the valley of that name, and also 
occupy the crest of a denuded anticline, whose axis coincides 
with the Puta valley west of Baku. They consist, according to 
that author and Golubiatnikov,! of a series of vari-colored petro- 
liferous shales, containing abundant fish remains and pteropods 
(Spirialis) ; at the top is a group of chocolate-colored shales 
with remains of Amphisyle, Lepidopus, Meletta, etc., followed 
by dark-colored, thin-bedded clays with intercalations of ferru- 
ginous grit, and siliceous concretions surrounding pieces of 
silicified coniferous wood, which may perhaps be of Oligocene 
age. The lower parts of the above series are petroliferous, and 
sandy beds occur as reservoirs for the oil. 

The Miocene deposits? include the chief petroliferous horizons 
of the district, and are thus subdivided by Golubiatnikov® in 
ascending order: 

1. A group of petroliferous siliceous sandy and clayey depos- 
its, with intercalations of ferruginous grit, and at the top a 
highly siliceous and calcareous bed containing Spirialis, Lucina, 
Meletta, Leptolepis, ete. 

2. Dark colored clays, with (in the Sumgait valley) Buccinum 
duplicatum. 

3. A thick series of sands, friable grits and calcareous clays, 
with land and freshwater shells, etc., Limnea, Planorbis and 
Chara. A little oil occurs in some of the beds. 

4. Calcareous clays, petroliferous sands and calcareous grits, 
with here and there abundant Aktchagil fossils. The equiva- 
lents of these deposits in the northern part of the peninsula are 
grey laminated shales, containing abundant fish remains. 

The thickness of the. Balakhani series was estimated by 
Sjogren at not less than 976 meters, which appears to be much 
under the mark. 

The Miocene occupies the western part of the peninsula, dip- 

*“ Principaux Résultats des Travaux géologiques effectués en 1903 dans 
le Péninsule d’Apscheron,” Bull. Com. géol. Russ., Vol. XXIII., pp. 280- 
330, 1904. 

* Described by Sjégren and other earlier writers as Oligocene, and termed 
by the author named the Balakhani series. 

* Loc. cit. 








ping u 
Apsch 
the cre 
The 
ficientl 
not on 
able tc 
forma 
part 11 
The 
two p 
being 
N.N.\ 
folds 
The 
be sitt 
penins 
Sikh, 
west 
may r 
systen 
of th 
volca1 
of oil 
ARIE 
ously 
ductic 
Ch) 
exten 
relati 
prod 
by fa 


seepa 

Th 
founc 
Balak 


the c 





also 
ides 
x to 
tro- 
ods 
ales 
wed 
rru- 

of 
rene 
and 


Ons 
} 


in 
pos- 
pa 
‘ina, 


umn 


ays, 
and 


rits, 
liva- 
are 


by 
1uch 


dip- 
dans 
289- 


rmed 








GEOLOGY OF THE BAKU OIL-FIELDS. 95 


ping under the unconformable Baku stage in the north, and the 
Apscheron stage in the south. It reappears on the coast along 
the crest of the Bibi-Eibat fold, and in Holy Island. 

The Pliocene and Quaternary deposits have already been suf- 
ficiently described (pp. 90-91), and, as may be seen from the map, 
not only are the Apscheron deposits in many places unconform- 
able to the Miocene below, but the Baku deposits also lie uncon- 
formably above the older Pliocene, both divisions having taken 
part in the later movements of the region. 

The structure of the area has been produced by upheaval at 
two periods, the direction of the earlier plication of the beds 
being transverse to the later. The older anticlinals have a 
N.N.W.-S.S.E. strike, while that of the more recently formed 
folds is more nearly due E. and W. 

The famous Balakhani-Sabuntchi (see Fig. 11) field appears to 
be situated at the crossing of the two main lines of flexure of the 
peninsula proper, namely, that striking northwestwards from 
Sikh, through Surakhani to the northern coast, and the east and 
west line from Binagadi towards Kala and Holy Island. As 
may readily be imagined, the stress produced by these conflicting 
systems of folding has resulted in great fracturing and faulting 
of the petroleum bearing rocks, with the formation of mud- 
volcanoes along lines of fault, and infiltration of small quantities 
of oil into parts of the otherwise non-petroliferous Pliocene beds. 

The cross-flexuring and faulting alluded to above has vari- 
ously affected the district from the standpoint of petroleum pro- 
duction, and the principal results may be thus summarized: 
(1) The production of broad arches, with a correspondingly 
extensive field; (2) independence of wells and difficulty in cor- 
relating the sections revealed by the various borings; (3) the 
productivity of horizons which have been hermetically sealed 
by faults, and but for these would have lost all their oil by 
seepage. 

The difference between a broad gentle fold such as may be 
found in a little disturbed region, and such arches as those of 
Balakhani and Bibi Eibat, lies in the fact that while in the latter 
the crest is horizontal or approximately so over a considerable 
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width, the flanks dip comparatively steeply away from the axis, 
at angles varying from 25° to 45°, whereas in the former there 
is a more gradual descent into the synclinals on either side. In 
the one, the gas pressure throughout the central area will be 
approximately the same, and influenced solely by local conditions, 
whereas in the other the pressure will generally be greatest in 
the center of the field, decreasing gradually as one retreats down 
the flanks; hence the sporadic occurrence of “ spouters’”’ in the 
3aku fields, their presence depending upon the gas-pressure in 
each small fault-bound block of territory. 

Extensive faulting must necessarily tend to seal some horizons 
which in the ordinary course would have lost their oil; thus, 
according to Konschin’s observations,’ all the upper oil-bearing 
strata of the Balakhani field outcrop westwards of the producing 
territory, and near their outcrop contain water and mazut (semi- 
desiccated petroleum), or water only. 

The Balakhani-Sabuntchi field includes:the area between the 
villages of Zabrat, Romani and those from which the field takes 
its name. The greater part of the territory is covered by Qua- 
ternary deposits, through which the borings pass before entering 
the petroliferous Tertiaries below. As already stated, two well- 
marked flexures meet at this point, producing a broad arch with 
semi-quaquaversal structure, for it is a remarkable fact that 
there is a steady dip to the southeast from Balakhani to the 
Romani Lake, and that production has so far been confined to 
this portion of the territory, which is apparently the eastern half 
of a dome of Tertiary rocks. The shallower wells, moreover, 
derive the great quantities of oil which they supply from out- 
cropping beds, doubtless hermetically sealed by faults, though 
to some extent the lenticularity of the sands may render appa- 
rently outcropping beds secure from leakage. While these 
quasi-exposed beds have produced much of the oil of Baku, 
recent wells have been carried to a greater depth into non- 
outcropping horizons, in which the productivity has been found 
to be greater than in the higher strata. 


*A. M. Konschin, “Geological Structure of the Balakhani-Sabuntchi- 
Romani-Zabrat Oil-field,” Mat. Geol. Kavk., pt. VIII., pp. 1-109, 1804. 
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The Binagadi (see Fig, 11) oil-field lies nearly due west of the 
older district of Balakhani, and apparently marks the extension in 
this direction of the W.S.W.—E.N.E. fold of the latter, the trans- 
verse folding having only so far affected the western district as 
to produce dip-faults, without much modifying the original 
asymmetrical fold, so that the belt of productive territory is 
narrow as compared with Balakhani, along the strike of an anti- 
clinal, whose north flank dips at about 40°, while the angles to 
the south range from 5° to 20°. It is interesting to note that 
Mr. Riabinin’s study of the field' shows the axial beds to be 


‘ uppermost Miocene, 7. e., higher in the series than those out- 


cropping at Balakhani, so we may conclude that further study 
will reveal a change of dip west of the latter, confirming the 
quaquaversal structure suggested by the favorable results of 
drilling northwest of the former field. 

At Bibi Eibat we have a similar fold to that of Balakhani, 
save that its strike is N.W.—S.E., with a doming down to the 
north. The axial beds are uppermost Miocene, and wells located 
away from the crest have to pass through Apscheron beds before 
reaching the oil strata. The southern part of the dome is here 
covered by the sea, and attempts are now being made to exploit 
the submarine territory with good prospects of success. 

The fields of Khurdalan, Holy Island (Sviatoi Ostrov), etc., 
need not be dealt with separately, since they were repetitions of 
the structures already described in the more important field of 
Binagadi. 

From this brief account of the tectonic character of the region, 
it will be gathered that there is at least some reasonable possi- 
bility of profitable extension of operations in the peninsula. 

First and foremost, there is the probability, already referred 
to, that up to the present only the eastern half of the Balakhani 
dome has been explored, so that we may look for a following 
up of the favorable results already obtained (p. 95) with great 
extension of the producing area, but in addition to this, there can 
be little doubt that the palzogene petroliferous strata have yet 


*“ Geological Operations in 1905 in the Binagadi Oil-field, Baku,’ Bull. 
Com. géol. Russ., Vol. XXV., pp. 145-182, 1906. 
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to be developed by deeper drilling, and it is possible that the oil 
found in these beds will be of a different quality from the ordi- 
nary “ Russian” oil, with an increased percentage of the frac- 
tions of lower boiling point. Moreover, the report of the strike 
of a light high-grade oil at Surakhani! would, if confirmed, both 
add a new field to those already producing, and would open up a 
new future for the Baku district as a source of motor spirit and 
allied products. 

Another district which may at some future date develop into 
a productive field is that of Kala (see Fig. 11), in the east of the 
peninsula, where emanations of gas (as at Surakhani) have long 
been known to occur (presumably on a line of fault) on an anti- 
clinal of Apscheron beds. 

Finally, the mud volcanoes of the district N.W. of Balakhani 
may be mentioned as indicating the proximity of petroliferous 
beds to the surface along this anticlinal, while it yet remains to 
be seen to what extent the Puta valley and other districts of 
favorable structure round the base of the peninsula can be devel- 
oped as oil-fields. 

(b) GROZNI. 

This isolated field in the Terek territory lying on the northern 
foothills of the Caucasus (see Plate III.) has perhaps a less com- 
plex structure than the Apscheron peninsula, in that the geology 
of the earlier Tertiaries is not here so much concealed by Pliocene 
and Quaternary deposits. 

The oil appears to be mainly derived from the Upper Mediter- 
ranean or Helvetian? division of the Miocene, the Aktchagil 
beds lying unconformably over these. The productive, or prob- 
ably productive, territory coincides with the extent of the higher 
portion of the Grozni range at this point, which is of anticlinal 
structure, with steeply dipping northern flank (the beds being in 
some cases reversed), while the strata on the south lie at angles 
ranging from 5° to 30° near the crest, and increasing to 30°, 


*See Petroleum World, Vol. V., p. 17, 1907. The oil is said to contain 
69 per cent. kerosene and 10-12 per cent. benzine. 

2E. Yuschkin, “Recherches géologiques dans la region naphtifére de 
Grozny en 1901-1902,” Bull. Com. géol. Russ., Vol. XXII., pp. 619-644, 1903. 
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40° or even 50° at a short distance from it. With these angles 
the breadth of the producing belt is necessarily restricted, but 
there does not appear to be any appreciable “ doming down” 
of the anticlinal for a distance of about six and a half miles, 
throughout which we may therefore expect to find oil in com- 
mercial quantity. According to Yuschkin' the crest of the fold 
is faulted, as are the flanks, which condition probably accounts 
for the variety of grades and gravity of oil met with not only, 
as is usual at different horizons, but in the different wells. 

In concluding this section, it may be said that the widespread 
evidence of the presence of petroleum in the folded Tertiaries 
of both flanks of the Caucasus Mountains, seems to point to the 
possibility of the discovery of other valuable fields in addition to 
those already developed; for although the once promising fields 
of Shemakha appear to have been ruined by repeated earth- 
quakes, and other districts in this part of the range are untested 
on account of lack of water, the experience at Grozni, Bereke? 
and other points is sufficient to indicate the possibility of con- 
siderable extension of the producing territory. Such extension 
can, however, only be obtained by careful study of the structures 
of the less known regions, with extended use of the published 
observations, and lastly, by careful choice of sites for drilling 
with due regard to the geology of the ground, ignorance or dis- 
regard of which has probably been the partial reason for the 
slow progress made in developing the oil wealth of the Caucasus, 
and the disappointment of so many prospectors. 


II. RUMANIA; 


In studying the Rumanian oil-fields we notice a contrast with 
the Caucasian fields, in that among the former no one district 


ATO. C4. 

*See D. Golubiatnikov, “La Region Naphtifére de Berekei,’ Bull. Com. 
géol. Russ., Vol. XXV., pp. 361-412, 1906. 

*For a general account see C. R. Mircea, “ Distributzuinea geografica a 
petroleului in tzara noastra,” Bol. Soc. Geogr. Romana, Vol. XXVIL., pp. 
129-156, 1906, and L. Mrazec, “ Report to Ministry of Domains of Rumania 
on the Geological Distribution of the Rumanian Oil-belts,” translation in 
Petroleum Review, Vol. VI., pp. 474, 475, 528-530, 1902. 
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of those at present under exploitation stands out as possessing 
particularly favorable structure, but all apparently have equal 
possibilities, and the larger production of certain fields is rather 
the result of more scientific or careful development than of any 
absence of the difficulties commonly met with throughout the 
region. 

The accompanying map, Fig. 12, will serve to illustrate the 
geology of the region. 

The country of Rumania consists of a semicircular belt of 
territory varying in width from 100 km. in the northern part 
(Moldavia) to 200 km. in the southern (Walachia). The whole 
separates physiographically into three zones: 

1. Carpathians, which are here bent into a semicircle at the 
junction of the two lines of weakness represented by the north- 
ern Carpathians and the Transylvanians or northern Balkan 
uplands. 

2. The foothills (sub-Carpathian zone). 

3. Plains—the Sarmatian plateau in Moldavia, the Rumanian 
or Danube plain in Walachia. 

The palzozoic and eruptive massif of the Dobrudscha stands 
outside the three main zones of the remainder of the country 
and determines the course of the Danube near its mouth. 

Broadly speaking, the boundaries of the three zones above 
defined coincide with the geological lines; thus the Carpathian 
zone falls into two divisions, an inner occupied by Mesozoic, 
metamorphic and igneous rocks, and an outer, occupied by 
paleogene deposits (‘‘Flysch’’-zone). The foothills are 
formed by later Tertiaries, but the plains vary, the Rumanian 
being composed of Levantine (Pliocene) deposits, and the Sar- 
matian or Moldavian plateau of Sarmatian (Miocene) strata. 

The oil-fields at present in work are confined to the “ Flysch ” 
and sub-Carpathian regions, although it is possible that on the 
one hand the Cretaceous deposits may prove productive since 
they are the source of oil shows at various points in the moun- 
tains of the Prahova and Dambovitza districts north of Bucha- 
rest, while, on the other, productive territory may yet be dis- 
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covered in the Sarmatian plateau and in the Pliocene of the 
Danube valley. 

The following table indicates the developments of the Ter- 
tiary beds in Rumania as far as this has been worked out by 
the various observers.’ 


PriocENE: Levantine. Marls, clays and sands with Unio, Vivi- 
para, Bythinia, etc. 

Pontian. Sandstones, gravels, andesitic tuffs, sands and marls, 
Vivipara bifarcinata, Dreissensia polymorpha, Congeria rhom- 
boidea, above, Valenciennesia annulata and fish remains below 
—petroleum in places (perhaps from secondary infiltration) 
and some beds of lignite. 

Miocene: Meotic. Limestone with Dosinia exoleta, sandy clays, 
fine sand and blue clays with Hydrobia, etc., and small Con- 
geri@ at top. 

Sarmatian. Marls and oolitic limestones with Tapes gregaria, 
Buccinium duplicatum or Ervilia podolica, Mactra podolica, 
etc. 

Tortonian. Limestones, marls, conglomerates and_ sands, 
palla* in places with Ostrea cochlear. Gypsum and some petro- 
leum. 

Helvetian. Marls, laminated micaceous sandstones gypsum, 
salt and palla. Ostrea, Lithothamnium and petroleum. 

Burdigalian. Clays, conglomerates, palla. Cerithiwm mar- 
garitaceum, C. plicatum, Ostrea crassissima, etc. Lignite in 
parts, petroleum. 

OLIGOCENE: Sands, sandstones, conglomerates, shales, varying in 
different parts of the country, with Nodosaria, Cerithium, fu- 
coids. Petroleum. 

EocENE: Ordinary marine facies found in the Dobrudscha and here 
and there in the Carpathians, as limestones with Nummulites 
distans, N. irregularis. Generally represented by upper parts 


"See N. Andrusov, “ Die Schichten von Kamischburun und der Kalkstein 
von Kertch in der Krim,” Jahrb. k. k. geol. Reichsanst., Vol. XXXVI, pp. 
127-140, 1886; also “ Maeotische Stufe,” Verh. russ. k. min. Ges., ser. 2, Vol. 
XLIII., pp. 289-450, 1905. S. Stefanescu, “ Etude sur les terrains Tertiaires 
de Roumanie,” Lille, 1897. 

* = trachytic tuff. 
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of “Flysch.”? Conglomerates and sandstones, and marls and 
shales above them with Cerithium giganteum, fucoids and petro- 
leum.? 


The question of the origin of Rumanian oil has been discussed 
or commented upon by various authors,? and it may be said that 
the balance of evidence is in favor of a dual origin, since remains 
of marine organisms, both animal and vegetable, abound in the 
palzeogene, and, the former at least, in the neogene, petroliferous 
strata. Murgoci® has suggested that the oil in the Pontian 
deposits has originated therein, and is partly derived from the 
abundant mollusca, and partly from the natural distillation of 
the lignites owing to spontaneous ignition of the bituminized 
portions, the effects of such firing being similar to those observed 
in the highly bituminous shales of the petroliferous series of 
California. But it may be observed that the amount of oil thus 
produced in Rumania must be very small, for no indication of 
lignitic origin is traceable in the ordinary Rumanian oils. In 
fact, its occurrence should be looked upon as a purely local 
phenomenon, not observed over wide areas. 

The whole series as above tabulated is not seen anywhere in 
one section, but the different divisions rest on each of the others 
at various points, even the Pontian resting on the Tortonian in 
one section, and on crystalline rocks in another. Generally 
speaking, however, the various members occupy curved concen- 
tric strips of territory, the outermost being the youngest and 
vice versa, since the beds dip everywhere away from the Carpa- 
thian chain, while there is also a southward dip from Moldavia 
into Walachia, bringing in younger beds to the south. 


*A somewhat misleading name, as it includes beds of widely varying age, 


but retained here as above as a guide to its meaning in the older literature. 

*See R. Zuber, “ Kritische Bemerkungen ueber die modernen Petroleum- 
Entstehungs Hypothesen,” Zeitschr. prakt. Geol., Vol. VI., pp. 84-04, 1808. 
G. M. Murgoci, “Tertiary Formations of Oltenia with Regard to Salt, 
Petroleum and Mineral Springs,” Journ. Geol., Vol. XIII., pp. 670-712, 1905, 
with additions and corrections in An. Inst. Geol. Roman., Vol. I., 1907. V. 
Aradi, “ Erddl-Studien,” Allgem. oesterr. chem. techn. Zeit., Vol. XXVL, 
1908, and “Ueber die Bildung der rumaenischen Petroleumlagerstatten,” 
Organ. Verein Bohrtechniker, Vol. XV., 1908. 

* Loc. cit., p. 702. 
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There appear to have been! five special periods of movement 
in the Rumanian Carpathians, viz., (1) at the close of Cretace- 
ous time, so that the upper portions of the “ Flysch”’ are uncom- 
formable to the lower. (2) Between Oligocene and Tortonian 
time, the cause of the sporadic distribution of outcrops of Burdi- 
galian beds. (3) After the Tortonian period when the Sarma- 
tian sea advanced over part of the earlier continent. (4) Pon- 
tian, with gradual emergence of the present higher lands. (5) 
Post-Levantine. 

By these movements the Tertiaries have been much folded and 
faulted, the beds being thrown into a series of anticlinals and 
synclinals parallel to the strike of the Carpathian Chain, which 
folds, while more or less symmetrical towards the center, become 
asymmetrical outwards, with their axial planes frequently hading 
at high angles towards the source of movement, and beyond this 


e. Monastirea 
‘ Magura 
! 






Trotus R. 





Fic. 13. Section through “Flysch” Zone across S. Trotus Valley, N. 
Moldavia. Scale horizontal approx. 1: 40,000. (After Jahrb. k. k. Geol. 
Reichsanstalt, xlvii, pl. xvii, 1897.) a, Palaeogene Salt beds. b, Targu Ocna 
beds. c, Lower Menilite Shales, Schipot beds. d, Upper Menilite. Shales, 
Tisesti sandstone. e, Miocene (Helvetian) Salt beds. 
again becoming symmetrical and less compressed towards the 
plains (see section, Fig. 13), in which up to the present no exten- 
sive folding has been detected. 

The petroleum fields, as already stated, occur in two principal 
zones, and in the older and higher of these the oil is of palzo- 
gene origin, while in the later it is derived in the main from 
the Miocene. 


The only extensive production? from the older Tertiaries is 
obtained in the Bacau, districts,? although in the Neamtzu dis- 

*S. Stefanescu, loc. cit. 

* Excepting apparently the output of the Busterari field in Prahova. 

®See L. Teisseyre, “Zur Geologie der Becau’er Karpathen,” Jahrb. k. k. 
geol. Reichsanst., Vol. XUVII., pp. 567-736, 1897. 
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trict north of it, and in that of Suceava near the northern bound- 
ary of Moldavia, occurrences of petroleum are known from beds 
of the same age. Professor L. Teisseyre recognizes here the 
main divisions of the Galician Oligocene and Eocene’ and de- 
scribes the Moinesti fold as an overturned anticlinal of Upper 
Hieroglyphic beds (Lower Oligocene or Eocene), the axial plane 
hading towards the west at a high angle. The Solontu field 
is a similar arch of Oligocene Menilite shales, with the Tisesti 
Sandstone (the equivalent of the Upper Menilite shales) above. 
While both these districts are anticlinal inliers of older Tertiary 
in the Helvetian, a third territory which derives its production 
from the palzogene, that of Casin, has only Helvetian beds 
exposed, the dips of these deposits being as high as 70° on the 
east flank and 85° on the west.2 The wells of the Campeni field 
in the Bacau district commence at a much higher horizon in the 
Helvetian group (which is faulted against the Sarmatian plateau 
on the east) and are believed to derive their oil from Miocene 
beds, although this is questioned by Mrazec.* 

No development has yet taken place in the Putna district, 
although favorable structure has been detected there, and the 
next producing fields to the south of those already mentioned are 
found in the Buzeu district, where the anticlinal folds of Sarata 
Monteor, Beci-Policiori-Berca* and Tega are productive of oil. 
The wells start in Pliocene rocks, but derive their oil from the 
Meotic and Sarmatian below. 

In the southern part of the Carpathian arc, in the Prahova and 
Dambovitza districts, we have the main fields of Rumania. In 
the first-named district, the principal folds are those of Bustenari- 
Campina-Draganeasa, and the equally promising one on which 
are situated the fields of Tzintea, Baicoi and Moreni. The first 
appears to be an overturned fold of Miocene (Meotic) overlaid 
by Pontian; the axial plane hades to the south, and the whole 
is faulted down on the north side at Campina against Helvetian 


*See pp. 109-110. 
* Teisseyre, 1897. 
5 Loc. cit. 
*See L. Teisseyre, “ Geologische Untersuchtngen im Districte Buzeu in 
: 0 TF . ° R07 4 
Rumanien,” Verh. k. k. geol. Reichsanst., 1897, pp. 159-166. 
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deposits: the northward dip appears to be about 70° and the 
southward 35° or upwards (see Fig. 14). To the west the fold 
becomes more acute and almost isoclinal.1 Most of the earlier 
wells were situated on the northern flank, but those drilled on the 
south are the most productive; some oil of a heavy character has 
also been obtained from the saliferous Helvetian on the north. 
The oil of Campina is believed to be derived from Sarmatian and 
Meotic deposits, although at Bustenari, according to Andrusov,? 
the wells pass from the Mzotic in which they commence into 


unconformable Oligocene below. 


N.N.W, Cornu Doftanitza : Campina Doftana 


valley 






valley 


S.S.E,| 








Fic. 14. Section along Prahova River. Cornu to Doftana valley. (N. 
part from S. Stefanescu, loc. cit.) a, Flysch. b, Helvetian (Miocene Salt 


Series). c, Sarmatian. d, Pontian. 


The Baicoi field is more regular, and has dips to N.N.W. of 
30°, the strike being W. 15° S.: most of the wells here have 
been drilled on the northern flank, but some near the crest of the 
fold are very prolific; the wells start in Pontian beds and pass 
down into Miocene below, and derive their production chiefly, 


if not entirely, from the latter. 


Besides those two main zones, the following anticlinals may 
be mentioned as producing small quantities of oil: Apostolache, 
near the eastern boundary of the district, Podeni-Noi, S.W. of 
this, and Pacuretzi, parallel to it on the north; west of the last 
is Gornetu Cuibu, and further west still, beyond the Teleajen 
River, between the Baicoi and the Campina folds, are the follow- 
ing fields, Poiana on the Verbileu River, with two parallel folds, 
Vulcanesti and Recea south of that, and Bordeni about five miles 
N.N.W. of Baicoi. Provitza de Jos is north of Poiana, and the 


fold crosses the Prahova valley north of Campina. 


*See Mrazec, loc. cit. 
*Verh. russ. k. min. Ges., ser. 2, Vol. XLIII., p. 340, 1905. 
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exception of the last-named, all the folds consist of Sarmatian 
and Meotic or Helvetian beds overlain by Pontian. 

In the Dambovitza district to the west, the Ocnitza (Gura 
Ocnitza) field lies on the extension of the Baicoi anticlinal, while 
that of Glodeni appears to correspond approximately with the 
Campina fold, and the Colibasi and Resca districts lie between 
them. 

In Oltenia, west of the Olt River, no important development 
has taken place, but there is evidence of petroleum at several 
points with favorable structure in beds of corresponding age to 
those of Prahova and Dambovitza, so that with improved trans- 
port facilities there is hope of development of these fields." 

The chief difficulties met with the Rumanian oil-fields are 
summarized by Mr. Stewart? as: water; caving (especially of 
a hard bed found immediately above the oil sands in many cases 
—like the “cap rock” of many limestone fields) ; slipping of 
beds in reversed folds and consequent squeezing of casing. The 
first named is, of course, a difficulty met with everywhere, but 
the excessive caving and slipping of beds is due here to the great 
pressure to which the beds have been subjected, with the produc- 
tion of faulted and reversed folds. To these may be added the 
need for careful guidance of drilling operations owing to the 
acute character of the folds, with judicious selection of sites for 
wells, to avoid unfavorable structures of every kind. Absence 
of such careful management has undoubtedly been the cause of 
the failure of many Rumanian oil ventures, and where more 
scientific methods have been introduced, as in the case of the 
Campina field, great increase in production and in the number 
of successful wells has resulted. As an advantage arising from 
the peculiar structure of the fields, may be mentioned the greater 
concentration at the crests of the folds which results in great 
regularity in the limits of the oil producing area in each field, 
without the variable results so frequently met with in the more 
gentle anticlinals. 

*See Murgoci, loc. cit. 


*“ Notes on the Roumanian Oil-fields,” Trans. Amer. Inst. Min. Eng., Vol. 
XXXVIL, pp. 333-338, 1907. 
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Without entering deeply into the question of the possible ex- 
tension of the Rumanian oil-fields, it may be remarked that many 
anticlinals of the various petroliferous beds are already known,' 
while others doubtless exist. The absence of means of trans- 
port is the chief obstacle to development, a fact which is suf- 
ficiently proved by the working of the palzogene deposits of the 
Bacau district where the railways touch them, and the idleness 
in the equally promising deposits of the same age in Walachia. 
The palzogene deposits have this advantage that, by virtue of 
their greater hardness, they are subject to less caving than the 
newer beds, and it is found also that the production is more 
regular and of somewhat better quality than that of the neogene 
fields. 

There can be little doubt that much extension is yet possible 
in the Rumanian oil-producing territory, some of which, as 
already indicated, may be brought about by increased transport 
facilities, but there is also the probability that in the Danube plain 
and the Sarmatian plateau fields may yet be discovered of even 
greater productivity than those of the mountain districts. Such 
fields, it may be added, will be detected only by careful geological 
survey of the country, for it is improbable that oil seepages exist 
except where such have already been noted, hence structure must 
be the only guide. 

III. GALICIA. 

The Bukovina separates, and at the same time unites, the oil- 
producing territories of Galicia and Rumania, for although no 
extensive commercial development has yet taken place in the 
intermediate province (largely, probably, for want of means of 
transport), seepages of oil are known at many points, and in 
1880 Mr. Bruno Walter discussed the question of the chances of 
oil production in the Bukovina.? 

The physiography of Galicia is not dissimilar to that of 
Rumania, since we have on the south the Carpathian mountains, 
formed of Eocene and Cretaceous rocks (“ Flysch”), with a 
narrow sub-Carpathian region of the same beds, and beyond this 


*See Mrazec, loc. cit., and Murgoci, do. 
? Jahrb. k. k. geol. Reichsanst., Vol. XXX., pp. 115-148, 1880. 





a plain « 
alluvium 
rudscha 
tion of | 











The sg 
follows: 


MI0cEN 
sife 

OLIGOCE 
hier 
roto 
mai 
lifes 


*See V 
Karpathe: 
and other 

*So cal 
planes. 


® See J. 





oil- 
no 
the 
of 
in 
of 


of 
ins, 
ha 
this 








GEOLOGY OF THE BAKU OIL-FIELDS. 109 


a plain of Miocene and later beds covered to a large extent by 
alluvium, along the northern part of which stretches the “ Dob- 
rudscha massif ’’ of Paleozoic and Secondary rocks, the founda- 
tion of both Cracow and Lemberg. 
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The series, including the lowest petroliferous horizons, is as 
follows :? 


MiocENE: Sarmatian sandstones, limestones, etc., above, and gyp- 
siferous and saliferous clays below. 

OLIGocENE: Upper Magura sandstone, Bonarowka beds, shales and 
hieroglyphic? sandstones, Eburna, Melania, Cytherea, etc., Dob- 
rotow beds, sandstones and shales, with carbonized plant-re- 
mains in parts, and abundant foraminifera generally*® petro- 
liferous. 


*See V. Uhlig, “ Ergebnisse geoligische Aufnahmen in den westgalizischen 
Karpathen,” Jahrb. k. k. geol. Reichsanst., Vol. XXXVIIL., pp. 83-264, 1888, 
and other papers in the same publication by Paul, Tietze, Uhlig, etc. 

?So called from the peculiar markings of doubtful origin on the bedding 
planes. 
®See J. Grzybowski, on Boryslaw, cited below. 
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Lower, Menilite? shales, light chocolate-colored, black or 

blue bituminous shales with fish remains and foraminifera. 

Eocene: Upper, hieroglyhic (Ciezkowic) sandstones, greenish and 
red shales, etc., foraminifera, mollusca, bryozoa, and petro- 
leum.? 

Lower, red clays and nummulitic beds, 

Cretaceous: At top, Jamna sandstone, thick-bedded or massive, 
often “ ruin-sandstones.” 

Below, Ropianka beds, dark shales and sandstones at top, with 
Neocomian ammonites, Inoceramus, fucoids, and petroleum. 
Lower part, bluish calcareous hieroglyphic sandstones (petro- 
liferous), with Inoceramus, fucoids, etc. All these beds have 
an abundant microscopic fauna.® 


The origin of the oil of Galicia, like that of Rumania,* may 
be ascribed to both animal and vegetable matter in each horizon. 
In the Neocomian, both molluscan and fucoid remains abound, 
while in the Eocene petroliferous strata, fucoids, but more par- 
ticularly foraminifera, make up a large part of the strata, and 
the same may be said of the Dobrotow beds in the Oligocene, 
wherein the lignites may also have been partly bituminized, as 
has been the case where terrestrial plant remains have mingled 
with abundant marine life in Trinidad and Assam. But in 
Galicia, as in Rumania, it is clear from the chemical properties 
of the oil that only an infinitesimal amount, if any, has been 
produced from land flora. 

The foraminifera and fish of the Menilite shales have rendered 
these highly bituminous, but the sandstones intercalated in the 
series are generally so siliceous and compact that they have failed 
to act as reservoirs for the oil produced. 

The belt of older Tertiary and Cretaceous has been much dis- 
turbed, faulted and folded (see Figs. 17 and 18) so that it is not 


*So called’ from the presence of highly siliceous bands = “ Hornstein.” 

? See Grzybowski, on the formanifera of the oil-sands of Krosno district, 
Bull. internat. Ac. Sci. Cracovie, 1897, pp. 180-186, and Polish in Rogpr. Ak. 
Umiej. Krakow, ser. 2, Vol. XII., pp. 256-302. 

®* See Grzybowski, Bull. internat. Acad. Sci. Cracovie, 1901, pp. 221-226. 

“See authors there cited, and F. Kreutz, various papers in Verh. k. k. 
geol. Reichsanst., 1881. 
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possible to indicate on a small scale map the many faulted out- 
crops and inliers of Cretaceous, or to differentiate the various 
divisions of the so-called “ Flysch,” or “ Carpathian sandstone,” 
in any way: generally speaking, however, the fields nearest the 
Carpathians derive their oil from older deposits than those of 
the more remote districts such as Boryslaw, etc. 








Fic. 16. Section across Sloboda-Rungurska field. Scale 1:25,000. (Leg- 
end as in Fig. 18.) (After L. W. Szagnocha, Das Petroleum vorkommen 
von Sloboda-Rungurska in Ost-Galizien. Verh. k. k. Geol. Reichsanst, 1881, 
pp. 162-165.) 


The various oil-fields of Galicia are situated along anticlinal 
lines in the regions described in a previous paragraph, and since 
the structure of each field, while possessing some characteristics 
of its own, has certain points in common with the other terri- 
tories, it will be sufficient to consider one or two in detail, merely 
indicating the position of others, and ignoring altogether the 
many minor fields and undeveloped anticlinal folds. 
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Fic. 17. Section Showing Structure South of Holowiecko, Central Galicia. 
(Legend as in Fig. 18.) (After Paul and Tietze.’) 


The most easterly field which has furnished large quantities 
of oil is the once famous Sloboda-Rungurska district near Kolo- 
mea, a section through which is shown in Fig. 16. While numer- 


1C. M. Paul and E. Tietze, “ Neue Studien in der Sandsteinzone der Kar- 
pathen.” Jahrb. k. k. Geol. Reichsanst., Vol. xxix, pp. 189-304. 1879. 
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ous districts westward of this field produce some oil or are capa- 
ble of doing so, the only important developments in eastern 
Galicia are at Schodnica, Urycz, Mraznica, and more especially 
in the Boryslaw-Tustanowice field, all of which are situated 
S.W. of Drohobycz, between that town and the valley of the 
Strij (see Fig. 18). 

The Schodnica-Urycz field is situated on a belt of Eocene (and 
Oligocene) rocks, between two step-faults, having Neocomian 
strata on the south, and Oligocene on the north; the structure 
is broadly anticlinal, but at Schodnica itself (which lies west of 
Urycz) the beds are nearly horizontal between the faults which 
thus replace the usual arch-like structure whereby leakage of oil 
is prevented. Three oil-horizons are known,! two in the Eocene 


Mielniczna Schodnica Mraznica Boryslaw Tustanowice 
' ! 


























a Miocene C€ Lower Oligocene é€ U.Cretaceous 


b Upper Oligocene d Eocene JS Neocomian 


Fic. 18. Schodnica-Boryslaw Section, 1:125,000. (After Zuber.”) 


series, and the other in the Upper Inoceramus (Ropianka) beds, 
regarded by Zuber as equivalents in age of the Gault or perhaps 
in part of the Aptian. 

The oil of Mraznica occurs in Neocomian rocks, folded into 
anticlinal form, as shown in the section (Fig. 18). 

The famous Boryslaw-Tustanowice field, which in 1907 was 
responsible for 86 per cent. of the total production of Galicia, 
has been very fully discussed from the geological standpoint by 
Mr. Grzybowski,*® whose conception of the structure is shown in 


*See R. Zuber, “Die geologische Verhaltnisse der Erddlzone Opaka- 
Schodnica-Uryez in Ostgalizien,” Zeitschr. prakt. Geol., Vol. XII. pp. 86- 
94, 1904. 

*R. Zuber, “Geologie der Erdél Ablagerungen in dem Galizische Kar- 
pathen.” 

*Boryslaw, “Une Monographie géologique,” Bull. internat. Acad. Sci. 
Cracovie, 1907, pp. 87-127. 
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Fig. 19. The producing area is situated on an anticlinal of 
Oligocene beds, unconformably overlain by saliferous Miocene, 
while over the south flank of this fold (dips 10°—20°) a thrust- 
fault has driven Lower Oligocene and Eocene beds, and further 
south a second fault has placed the Cretaceous sandstones ver- 
tically above the hieroglyphic Eocene. The ozokerite veins of 
the upper part of the Dobrotow beds appear to be the result of 
infiltration and desiccation of petroleum along lines of fault or 


fracture, as shown in the section. In the main portion of the 
field, the wells pass at first for a short distance through salifer- 

















Dobrotow Beds (U.Oligocene) G.C.B. Ozokerite mine of 
with ozokerite veins, &c. Galician Credit-Bank, 
oil near base. 


Fic. 19. Section through Boryslaw Oilfield. (Legend as in Fig. 18.) (After 
J. Grzybowsky.) 





ous Miocene, in which some traces of oil are frequently met with, 
and then into the grey Upper Oligocene shales, near the base of 
which, above the Menilite Shales, the main oil-producing hori- 
zons are found. Above the “ oil-sand,” the shales change from 
grey to black, with bands of hard siliceous sandstone, and after 
this become more sandy, thus affording an adequate reservoir 
for the oil. To the south some of the producing wells have 
commenced in the nearly vertical Menilite Shales, and have then 
crossed the thrust-plane into the Dobrotow beds below, in which 
they have generally met with petroleum in quantity. Mr. 
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Grzybowski points out that the limit of the field in this direction 
cannot be regarded as determined, for the one well which, start- 
ing in the Menilites, failed to obtain oil, was not drilled to a 
depth at which good results might have been expected. But 
while the productive territory cannot extend for a very great 
distance down the dip, great extension is probably possible along 


S.W. N.E, 
Tarnawa Wielopole Zagorz 








Fic. 20. Section in Tarnawa-Wielpole-Zagorz Oilfield. (Legend as in Fig. 
18.) Scale approx. 1: 100,000. (After Noth.) 


the strike, as indicated by the favorable results of drilling at 
Popiele west of Boryslaw. Recently, also, deep wells have been 
drilled through the Menilite Shales into the Eocene below, in 
which good results have been obtained. 


S.W, N.E. 
Rogi, Wietrzno, &c. Targowiska Potok 





Fic. 21. Section in Krosno District. (Legend as in Fig. 18.) Scale approx. 
1: 50,000. (After Noth.) 


In west Galicia, the Tarnawa-Wielopole-Zagorz field (see sec- 
tion, Fig. 20), where the oil-horizons are equivalent to those of 
Boryslaw, a considerable production has been obtained. A sec- 
tion in the Krosno district is given in Fig. 21, which indicates 
fairly normal anticlinal structure in the various fields here, the 
oil of which is derived from Eocene deposits, as at Schodnica. 
The Potok field lies about four miles E.S.E. of Krosno, and the 
westward extension of that fold, together with other districts 
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northward, form the Krosno field, while southwards are situated 
Bobrka, Wietrzno, Rowne and Rogi on one anticlinal striking 
about W.N.W. 

It will be recognized that there are other districts now being 
opened up in the petroliferous zone of Galicia, but of the many 
points mentioned by Paul (1881) and Noth (1908), and in many 
other papers, only a comparatively small proportion have yet 
been tested, so that the remarks with regard to extension in 
Rumania apply equally here. The difficulties and special prob- 
lems of development in the one country have also to be faced in 
the other.? 

W. G. Benger, the Rumanian Consul-General in Stuttgart, in 
his book entitled ‘‘ Rumania in 1900,” makes the following re- 
mark (p. 112): “ When the Carpathian oil region is exploited 
as thoroughly as the American and Russian, the latter, owing 
to their remoteness, will cease to be of any account for the sup- 
ply of Central Europe.” And whether we accept this statement 
in its entirety or not, there is clear evidence that the Carpathian 
range must be looked upon as one great oil-field, the full value 
of which is as yet unknown, and only to be determined by steady 
progress in the work of development, attained by the employ- 
ment of scientific methods and accelerated by the extension of 
means of transport, both in Galicia, the Bukovina, Rumania, and 
on the opposite flank of the range in Transylvania and Hungary.? 

Glancing back, we see that we have practically a continuous 
Tertiary basin from Cracow to Baku, interrupted only by the 
ancient massif in the northwestern part of the Black Sea, and by 
the similar one forming the backbone of the Caucasus. The 
palzeogene deposits of this area are strikingly similar in character 
throughout, and Andrusov® has shown the extension and limits 
of the various Miocene seas of the region, with the straits and 
shallows, etc., which produced the different types of sedimenta- 

See A. W. Eastlake, “Observations on Petroleum in Eastern Europe, 
and the Methods of Drilling for it,’ Trans. Fed. Inst. Min, Eng., Vol. III, 
pp. 693-726, 1802. 

7See T. Posewitz, “ Petroleum und Asphalt in Ungarn,” Mitth. Jahrb. k. 


ungar. geol. Anst., Vol. XV., pp. 235-465, 1907. 
5“ Die siidrussischen Neogenablagerungen,” Joc. cit. 
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tion at different points even in the same stage. The marine 
fauna and flora of each period were well fitted to produce petro- 
leum under the necessary conditions, which appear to have been 
generally present throughout the region, though not throughout 
the period, and so far as is yet known, the Galician part of the 
Miocene basin was not well fitted for the existence or subsequent 
transformation of petroleum-producing organisms. 

The whole has been subjected to a series of movements 
whereby the unconformity was produced between the various 
members of the system, and finally, during and after the close of 
Pleistocene time, the whole was raised into land, and the various 
folds laid bare by denudation sufficiently to reveal the petro- 
liferous character of some, while others have their oil-horizons 
as yet preserved intact, and are only to be discovered by drilling 
where favorable structure presents itself. 

Space will not permit of description of the Elsass fields, but 
the following paragraph from the geological section of “ Petro- 
leum and its Products,’ by Sir Boverton Redwood, relating to 
that province of Germany, sufficiently indicate the character of 
the region: 

“The only profitable operations for oil are those in the 
Oligocene belt between Molsheim, Worth and Weissenburg, on 
the west, and the Rhine on the east. The boundary of this belt 
on each side is a fault of great magnitude, letting down the Ter- 
tiaries as a strip of soft easily-denuded land between the harder 
rock-masses of the Vosges and the Black Forest of Baden, a 
drop of probably 2,000 meters is the Hagenau district, but some- 
what less northward, about Weissenburg. Between the oppos- 
ing masses of older rock, the Lower Oligocene clays and the 
sandstone have been compressed into a series of anticlinal and 
synclinal folds, of slight curvature, but sufficient to constitute a 
factor of the first importance in concentrating the petroleum 
present in the beds into alternating belts of productiveness and 
sterility. All but an insignificant fraction of the output of crude 
oil is obtained from thin seams of sand, sandstone or sandy shale, 
distributed through a thickness of several hundred meters of im- 
pervious clays and marls. These oil-bearing seams are very in- 
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constant in extension and thickness, and in their yield of oil. 
They appear to be lenticular in section, and rarely to cover any 
large areas. Consequently, lying at considerable depth, and 
having a low angle of dip, they rarely crop out at the surface, 
and thus are usually free from access of water and from loss of 
oil by evaporation or displacement.”’ 

In Hanover, the Wietze-Steinforde field derives its oil from 
Triassic rocks, which are covered unconformably by the Oligo- 
cene lignitiferous series. The Upper Secondaries also contain 
oil in other parts of Hanover. 

The much faulted and folded belt of Eocene, Miocene and 
Pliocene rocks of Emilia in northern Italy is the site of such 
operations as have yet been carried on in that country, which 
may perhaps be much extended in the near future by the appli- 
cation of scientific methods of development. 

Numerous occurrences of oil are known in other districts of 
Europe, but no extensive development has yet taken place in any 
of them, although it is possible that some, such as that of 
Archangel, in the north of Russia, may yet be proved of consid- 
erable value from a commercial standpoint. 


THE ORIGIN OF THE GOLD OF THE RAND 
GOLDFIELD.' 


Joun W. Grecory. 


The Rand now holds the proud position of the greatest pro- 
ducing gold-field in the world; but in spite of the vast scale of 
its mining operations there is still a striking divergence of opinion 
as to the source of its gold, a problem which has been described 
in the Engineering and Mining Journal for 1903 as the great 
riddle of modern economic geology. The ores first discovered 
were a series of relatively unimportant, secondary quartz-veins; 
and even as late as 1887 it was maintained in an authoritative 
report that the future of the South African gold-fields depended 
on their quartz-veins. It was soon discovered, however, that the 
quartz-veins of the Rand were insignificant, and that the wealth 
of the field depended upon its sheets of gold-bearing conglom- 
erate or pebble-reef, known as “ banket.” 

The sedimentary origin of this pebble-reef is unquestionable. 
Opinions have differed as to whether the conglomerates were of 
fresh water or of marine origin; but it is now generally agreed 
that they were laid down upon a sea-shore. This pebble-reef 
being sedimentary, it was natural at first to regard the gold as 
also of sedimentary origin, like the Cambrian placer-deposits of 
Dakota. This view was adopted in 1887 by Cohen and Ballot; 
in later years it has been maintained by Suess, Posepny, Schenk, 
Fuchs, Halse, Pelikan, Gibson, D. A. Louis, Goldmann, Bleloch, 
G. F. Becker and G. A. Denny; and, with one exception, the 
mining engineers whom the writer has met on the Rand who had 
had much experience of placer deposits, including amongst others 
Mr. G. F. Denny, Mr. F. Hellman, Mr. Wager Bradford, Mr. 
Ross Browne and Mr. Hambley, all maintain the placer theory. 


*This paper summarizes one read and discussed last session before the 
Institution of Mining and Metallurgy, published in Vol. XVII. of that 
Society’s Transactions, pp. 1-85. 
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Facts, however, were soon forthcoming that led to the estab- 
lishment of various other explanations,! of which the most serious 
rival to the placer theory has been that which regards the banket 
as conglomerate that has been mineralized by the entrance of 
gold-bearing solutions; it is held that the solutions mineralized 
the bebble-beds and not the adjacent quartzites, as the pebble- 
beds were more open to the entrance of solutions than the fine- 
grained sandstones. This view was apparently first suggested 
by Professor H. Louis in 1886. It was subsequently advocated 
or supported by Topley, Dorsey, Sawyer, Curtis, Gardner Wil- 
liams, Rathbone, Beck, John Hays Hammond, Lindgren, etc.; 
and it is well known from its adoption in the works of Chalmers 
and Hatch and of Hatch and Corstorphine. 

The gold-bearing conglomerates are members of the thick 
series of sedimentary rocks, including shales, quartzites and con- 
glomerates, which constitute the Witwatersrand System. They 
have been invaded by many intrusive basic igneous rocks and are 
disturbed by a complex system of faults. 

The Witwatersrand System was at one time regarded as 
Devonian in age, but it is certainly older than that date. It may 
be Paleozoic, but the probability is in favor of its being Pre- 
Cambrian. It is not in contact with any fossiliferous rocks 

"Since this paper was written, an able restatement of the third theory of 
the origin of the Rand gold—namely, that it was a precipitate simultaneous 
with the formation of the rock—has been advanced by Dr. F. W. Voit. (F. 
W. Voit, “ The Genesis of the Rand Gold,” Mining Journal, Vol. LXXXIV., 
No. 2811, Sept. 5, 1908, p. 206; concluded, ibid., No. 3812, Sept. 12, p. 330: 
also “ Der Ursprung des Goldes in den Randkonglomeraten,” Monatsber. deut. 
geol. Gesell., Vol. LX., No. 5, 1908, pp. 107-119, 2 figs.) Dr. Voit’s modifica- 
tion of this theory is far more probable than its original form, which at- 
tributed the gold to precipitation from the water of the sea on the shores 
of which the Rand conglomerate was being formed. According to Dr. 
Voit the gold was brought to the surface in hot ascending solutions, which 
discharged through mineral springs into the Rand Sea, where the gold and 
pyrites were at once precipitated. Dr. Voit remarks that in my original 
paper I have not referred to the pyritic band of which he shows a photo- 
graph from the Cinderella Deep. This pyritic band is the material which 
I have described in the paper as the black seams of pyrites that probably 
accumulated as layers of black iron-sand converted into pyrite by pseudo- 


morphism. According to Dr. Voit, the arguments against the introduction 
of the gold by subsequent infiltration are overwhelming. 
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earlier than those of the Karroo, so there is no precise evidence 
of its age; but it is probably Algonkian. The Witwatersrand 
rocks have been folded into a synclinal about one hundred miles 
long from east to west and about fifty miles broad from north 
to south. The Witwatersrand System is covered by a wide series 
of amygdaloids (the Ventersdorp or Vaal River beds), which 
are themselves covered unconformably by a series of rocks begin- 
ning with the Black Reef Series. This series is in turn covered 
by the dolomites of the Pretoria beds, and above another uncon- 
formity lies the Waterberg sandstones, which are regarded by 
some authors as Devonian but by others as Pre-Cambrian.* 

The Witwatersrand System rests upon the weathered surface 
of an older granite, which was intrusive into some schists. These 
schists are therefore older than the banket and its interstratified 
quartzites. The schists are not now exposed near Johannesburg, 
but they probably once covered the granite in the hills to the 
north of the Rand. The intrusion of the granite probably led 
to the formation of numerous quartz-veins in the schists. The 
quartz pebbles of the conglomerates are doubtless fragments of 
such veins. 

According to the placer theory the quartz veins were aurif- 
erous and supplied the gold as well as the pebbles. The beds of 
pebble-reef or banket are found on various horizons; a bed may 
consist of one layer of conglomerate or of several seams separated 
by layers of quartzite and silicified shales. The separate beds of 
pebble-reef are thin, although they may have a great horizontal 
range. The conglomerate seams constantly vary in thickness; 
they disappear on one horizon, while another seam of conglom- 
erate appears at a somewhat different level. The conglomerates 
in fact are subject to the usual variations of layers of shingle 
interbedded with sand along a coast. The most important beds 
of banket can be followed for great distances along the Rand. 
Their chief variations and the names given to the different beds 
are stated in Truscott’s “ The Witwatersrand Gold Fields’ Banket 
and Mining Practise.” 


1Tf the latter view be correct, the Waterberg Sandstone is Algonkian and 
the Witwatersrand System would be a system of Pre-Algonkian sediments. 
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All the conglomerate is not payable. The thicker seams, such 
as that known as the Main Reef, are often so poor in gold as to 
be unworkable. The richest ore comes from thin seams of con- 
glomerate, such as the Main Reef Leader or the South Reef 
Leader. Even in the rich seams there are wide patches which 
are too poor to pay for mining with present costs; and these 
patches may be recognized on the stoping plans as large unworked 
areas that are usually somewhat lenticular in shape. 

The arguments in favor of the impregnation theory were sum- 
marized before the recent discussion on the origin of the 
Rand ores at the Institution of Mining and Metallurgy, by Drs. 
Hatch and Corstorphine.t They supported it by four main 
arguments. 

The first fact on which they rely is that the gold is found in 
the matrix of the conglomerate and not in the quartz pebbles; 
but this feature is one of those in which the banket agrees with 
alluvial gold deposits. The quartz pebbles in a placer gravel are 
fragments of the more compact and denser parts of quartz lodes, 
and as a rule such quartz is barren. Gold is usually deposited 
in quartz lodes along cracks which allow the circulation of the 
auriferous solutions; and even if the cracks be completely filled, 
the sheets in the lode containing gold and metallic sulphides 
would be inevitably weaker than the intervening masses of com- 
pact “ buck-quartz ”’; hence when vein-quartz is being broken up 
into gravel, it breaks most readily along the auriferous layers. 
The first process in the treatment of ore at an ordinary placer 
mine is the separation of the barren quartz pebbles from the gold- 
bearing cement. 

The presence in the banket of the Rand of occasional pebbles 
containing gold as a primary constituent is, however, asserted on 
good authority. Such pebbles may occur, and if they are as 
scarce as in a modern placer, their rarity would justify the view 
that the gold is practically confined to the matrix. 

The second argument against the placer theory is that the gold 
is not angular or water-worn, and occurs in crystalline angular 
grains associated with secondary crystals and concretions: of 

2“ Geology of South Africa,’ 1905, p. 146. 
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pyrites. This well established fact, however, merely shows that 
the banket is not a modern unaltered placer. The Rand pebble 
reef occurs in one of the oldest of sedimentary rocks, and it has 
been subject to such intense pressure that abundant crystals of 
chloritoid (ottrelite) have been developed in the quartzites, shales 
and cement of the banket series. In the compression of the con- 
glomerate the fine flakes of soft gold were inevitably squeezed into 
the crevices between the hard sand grains and thus naturally 
received their jagged angular outlines. 

The gold is often associated with rounded concretions of 
pyrites, and the theory that the Rand is an old placer deposit has 
been prejudiced by the argument that all these rounded pieces of 
pyrite are.rolled pebbles. It has been held that as the rounded 
pellets of pyrite are of alluvial origin, so also was the gold asso- 
ciated with them. But the occurrence of rounded pebbles of pyrites 
on an ocean beach is most improbable from chemical considera- 
tions. The advocates of the infiltration theory insist, and no 
doubt justly, that these rounded pieces of pyrites cannot have been 
originally pyritic pebbles. Some of them may be concretions; 
but the typical pebble-like pyrites and many seams of pyrites, 
which in their arrangement closely resemble the layers of black 
iron sand on a sea beach, are, in the writer’s opinion, pseudo- 
morphic after iron oxide. Some of the pebble-like fragments of 
pyrites were certainly beach-worn pebbles; but they were pebbles 
of hematite, which has been converted into pyrites. 

The crystalline nature of some of the gold is also natural in so 
ancient a deposit; since it has probably been dissolved and rede- 
posited during the formation of pyrites, much of which is admit- 
tedly of secondary origin. According to the author’s opinion 
much of this pyrite is altered black iron sand; the iron oxide has 
been converted into sulphide, and the ferric sulphate solutions 
formed during this reaction probably dissolved the fine gold and 
reprecipitated it almost in situ. 

In the discussion at the Institution of Mining and Metallurgy 
stress was laid by some advocates of the infiltration theory on 
the improbability of the solution and precipitation in situ of 
gold. In the paper then discussed the Kanowna lead in western 
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Australia was quoted as an example of the localities where this 
process must have occurred. The Cambrian placer deposit in 
the Deadwood Gulch, South Dakota, provides another and better 
known illustration! The evidence in that case was clearly stated 
by W. B. Devereux, and it has been advanced with still greater 
authority by Professor J. D. Irving.? “The gold,” says Pro- 
fessor Irving, “is known to occur in two conditions: detrital gold 
and chemically precipitated gold; in addition much of it may have 
been introduced with pyrite.” He concludes, “ Unfortunately, it 
does not seem possible to determine what proportion of gold in 
the pyritic conglomerate is detrital or was there before the pyrite 
was introduced. There is also a possibility that some of the gold 
in the lower and unoxidized portions may be precipitated gold 
resulting from secondary concentration.” 

The solution and precipitation of the gold in these Cambrian 
placers has indeed led to the view that they owe all their gold to 
infiltration. But fortunately in this case the gold is coarse and 
the rocks unaltered; so that the rounded detrital form of the gold 
has been retained. ; 

The third argument advanced in support of the infiltration 
theory of the formation of the Rand is the uniform distribution 
of the gold. This uniformity has, however, been exaggerated in 
the literature. It has been stated that the banket is as persistent 
and uniform in its yield as a coal seam or a wheat field. But 
such is not the case. The detailed assay plans of the mines show 
that the banket is subject to sudden and extreme variations in value. 

The variations affect both adjacent samples and the average 
yield of large areas of the pebble-reef. Mr. Hellman, of the 
East Rand Proprietary, has prepared diagrams showing the varia- 
tions in value along a continuous band of reef; and he has aptly 
called them his “icicle diagrams,” as the line representing the 
gold values rises and falls as sharply as the outline of a row of 
icicles. The irregular distribution of the gold in the pebble-reefs 

*W. B. Devereux, “ The Occurrence of Gold in the Potsdam Formation, 
Black Hills, Dakota,” Trans. Amer. Inst. Min. Eng., Vol. X., 1882, p. 471. 


?J. D. Irving, “ Economic Resources of the Northern Black Hills,’ Prof. 
Paper U. S. Geol. Surv., No. 26, 1904, pp. 109-IT1T. 
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could be illustrated from the assay plans of most of the mines. 
Similarly adjacent areas show great variations of value. One 
has only to consider the fact that in the year 1904, out of the 
sixty-four producing mines on the Rand only thirty-three paid 
dividends' to realize that the gold yield of the reef is not uni- 
form; and study of maps showing the distribution of the pro- 
ducing mines along the Rand, or a traverse in the field of the 
large unworked gaps in the line of mines between Krugersdorp 
and the East Rand affords impressive proof of the irregularity 
of the gold distribution. 

The gold-bearing banket has admittedly a greater length of 
rich ore than any other marine placer; but it does contain wide 
barren sections, and the rich deposits contain barren patches, like 
ordinary placer fields. 

The fourth objection to the placer theory is the restriction of 
the gold to certain definite beds. This arrangement is, however, 
not inconsistent with the alluvial origin of the pebble-reef, for 
it is actually the rule in placer deposits. The nature of the restric- 
tion of the gold distribution in fact affords one of the strongest 
proofs of the detrital origin of the gold. 

A further argument against the placer theory is worthy of 
notice, as much stress was once laid upon it, though the argu- 
ment has been generally abandoned. It was the absence of nug- 
gets or of coarse-grained gold. This fact admits of two simple 
explanations. When alluvial gold is derived from reefs, in 
which the gold is present only in fine particles, then the gold in 
the placers formed by the denudation of these reefs is also fine. 
In the case of the Rand, even if there had been coarse gold in 
the reefs it would probably not have reached the shore deposits ; 
for rivers were probably the main agent in the destruction of the 
gold-bearing reefs; and any heavy gold that they may have 
obtained from the reefs would have been deposited on the river 
bed, or ground into fine particles before it reached the sea. As 
with the placers on the western coast of New Zealand, only the 
fine gold would have been carried on to the beaches, and then 
distributed by the currents along the shore: 


*Transvaal Chamber of Mines, 14th Ann. Report, pp. 261, 483. 
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The objections to the placer theory seem to me therefore all 
invalid; while those to the impregnation theory appear insu- 
perable. No trace has yet been discovered of the “ verticals”’ or 
channels up which the solutions were introduced. In mining 
fields where sedimentary rocks have been mineralized by infiltra- 
tion, as, for example, in the Cambrian gold ores of South Dakota, 
so well known from the descriptions of Professor J. D. Irving, 
the channels by which the gold was carried into the sedimentary 
layers have been easily discovered. They are so clear that they 
have been illustrated by convincing photographs. None such 
channels have been discovered on the Rand. 

The conditions under which the gold was introduced into the 
pebble-reef on the placer theory are shown by the nature of the 
reef and its pebbles. Before visiting the Rand I was unable 
to decide between the placer and infiltration theories, because, 
amongst other reasons, of the richness of the “ banket” in such 
fine gold. The most striking difference between the banket and 
any modern placer is that the gold is exceptionally fine-grained 
in proportion to its richness. I was, before visiting the Rand, 
prejudiced against the placer theory, as I failed to understand 
how such fine gold could have been concentrated into such rich 
seams. Equally fine gold is known in river placers; but it is 
there distributed through thick beds of fine silt, which would 
never have paid to work under such geological conditions as those 
of the Rand. Inspection of the richest seams of banket at once 
removed the difficulty, which was due to my not having allowed 
for the difference between marine and river placers. The richest 
seams on the Rand have large, well-rounded pebbles, which show 
by their form that they have been subject to strong currents; the 
layers with angular pebbles—the bastard reef—are practically 
always so poor that they are unpayable, though assays show 
that some gold is generally present in the material. The richest 
deposits like the Main Reef Leader are thin layers of conglom- 
erate, containing large, well-rounded pebbles; the pebbles are 
sometimes thicker than the bed in which they lie, so that they 
project well above its upper surface into the quartzites. 

Such layers were formed as sheets of shingle upon a seashore 
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swept by strong tidal currents. The bun-shaped form of the 
pebbles with their flattened base (the significance of which was 
explained by Becker) shows that they were spun around as they 
were moved backward and forward by the scour of the tide and 
thus the base worn flat. The waves breaking over them would 
have swept the light silt and mud from between the pebbles and 
the interspaces thus formed would have served as riffles; in the 
shelter of which the heavy gold would have collected. Thus 
there would have been a slow concentration of fine gold in the 
layers of coarser shingle which had been for a long while ex- 
posed to the surf. The formation of the bastard reef on the 
other hand would not have been accompanied by such concentra- 
tion, for -the angularity of its pebbles shows that it was not 
washed and rounded as thoroughly as the true banket. Hence 
though gold is present, it occurs in such small quantities that the 
material does not pay to mine. 

The distribution of the gold throughout the Rand agrees in 
its essential characters with its distribution in placer deposits. 
The gold is usually richest on the footwall side of a seam. 
The rare cases of the occurrences of visible gold in the-banket 
appear to be practically always on the footwall surface of the 
seams. And when a bed of pebble-reef consists of several seams 
of conglomerate separated by an intervening layer of quartzite, 
it is usually the lowest seam that is the richest. This rule is 
of course not universal, and on the marine placer theory excep- 
tions would be expected; for the tidal scour would be strongest 
now at one point on the beach and now at another. Gold con- 
centration would take place most effectively at different localities 
as the beach deposits were being accumulated. This connection 
between the concentration of the gold on slightly different hori- 
zons and the physical nature of the conglomerates is well shown 
by the continuous reef sections which have been prepared for 
many of the Rand mines; as examples may be quoted a series 
which I was allowed to examine from the Ferrara Deep. _ Illus- 
trations of such sections from the New Goch Mine have been 
reprinted by the author. 


*J. W. Gregory, “Gold Mining and Gold Production,” Cantor Lectures, 
Soc. Arts Journ., London, 1907, figs. 13, 14. 
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The agent that spread the gold through these thin beds of 
shingle was one that had a widespread horizontal range of action, 
and was limited for each sheet to a narrow vertical range. This 
distribution is consistent with the action of the surf on a shore; 
but it is wholly inconsistent with the behavior of a mineralizing 
solution percolating through a series of sands and pebble beds. 
Occasional layers of shale in the Rand series would no doubt 
have been impermeable to the solutions and would have escaped 
mineralization, although they contain some gold; but the rich 
beds of banket often rest on thick layers of pebble beds, the bas- 
tard reef, which would have been as freely open to infiltrating 
solutions as the banket. Becker has clearly shown the fallacy of 
the assumption that the coarse sandstones associated with the 
pebble beds would have been comparatively impermeable. And 
the bastard reef must often have been more open to solutions 
than the adjacent banket, when the latter consists of large peb- 
bles in a compact matrix. 

It is so obvious that any gold-bearing solutions that circulated 
along the layers of banket must have percolated into the under- 
lying bastard reef that the suggestion has been made that the 
distribution of the gold was determined by some precipitant pres- 
ent only in the banket. The precipitant suggested is organic 
matter, as traces of carbon have been found; but the organic 
matter would have existed equally, and probably even more 
abundantly in the quickly accumulating bastard reef, as it was 
subject to less violent scour than the banket. So far there has 
been no adequate evidence of any precipitant that would explain 
the deposition of the gold in the surf-washed Main Reef Leader, 
and would be absent from the underlying bastard reef. 

Probably the weightiest evidence between the two theories is 
that afforded by the microscopic structure of the ores, as that 
evidence can be most easily adduced. The microscope when 
applied to thin sections of an ore reveals the actual history of its 
formation. If the banket had been introduced by solution the 
microscope should discover the channels along which the gold has 
come. The microscope shows that the deposits have been silici- 
fied; that chloritoid is abundant and has probably, as usual, been 





EXPLANATION OF Puate III. 


Fic. 1. Section of the edge of a large pebble in the Main Reef Leader 
from the Meyer and Charlton Mine. The seam of banket here is two inches 
thick. The gold found in the interspaces between the large quartz pebbles 
gives the whole seam a value of 1383 dwt. to the ton. The black material 
near the lower edge of the figure is pyrites. Some of the dark grains in 
the cement are gold. 

Fic. 2. Main Reef Leader also from the Meyer and Charlton Mine con- 
taining more abundant pyrites which is shown by its form to be secondary, 
while the quartz pebbles are less rounded than in the specimen shown in 
Fig. 1. In other respects the material in the base of the conglomerate is 
the same as in Fig, 1, but the gold value is only 3.2 dwt. 


Fic. 3. Photograph of footwall waste of the Meyer and Charlton Mine 
containing similar cement. As shown by assay, it is quite barren of gold. 

Fic. 4. Footwall waste from below the Main Reef Leader of the Meyer 
and Charlton Mine with abundant secondary pyrites. Some prisms of chlori- 
toid are shown in the figure. As shown by assay, this sample is barren. 
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developed by pressure; and that the iron pyrite is secondary; but 
it reveals no evidence of mineralization by solution as in an ordi- 
nary gold-quartz-vein. Where gold ores have been formed by 
solution acting upon older rocks, the solutions have altered the 
rocks into sheets of vein-quartz, which in the less altered speci- 
mens show remains of the original minerals. But microscopic 
sections of rich specimens of banket show that they have been no 
more altered than quite poor specimens. The photograph (Plate 
IV., Fig. 1), for example, of a specimen of banket from the Main 
Reef Leader of the Meyer and Charlton Mine, for which I am 
indebted to Mr. G. F. Denny, contained gold to the value of 1,383 
dwt. to the ton. But the banket itself is no more altered than poor 
unpayable banket. 

The petrographic evidence shows that the minerals character- 
istic of the banket, such as the chloritoid (ottrelite) are charac- 
teristic of pressure and earth movements, and not of the action 
of mineralizing solutions. Pyrite is no doubt often present in 
gold-quartz-veins ; but it is still more widely distributed in clays, 
in which it has been formed by the action of sulphurated hydro- 
gen derived from decomposing organic matter on iron oxides. 

Until the advocates of the impregnation theory discover 
the channels up which the gold has been introduced, produce 
evidence of adequate chemical change in the rich banket, explain 
the limitation of the gold to certain horizons and its absence from 
equally permeable or even more permeable adjacent layers, the 
impregnation theory must remain as a hypothesis with very little 
evidence in its support. On the placer theory there is no diffi- 
culty in understanding the introduction of the gold into the 
banket and its present distribution. 





ON THE ASBESTOS DEPOSITS OF THE EASTERN 
TOWNSHIPS OF QUEBEC.} 


Joun A. DRESSER. 


INTRODUCTION. 


During the past thirty years the asbestos industry in Quebec 
has advanced in proportion to the greatly increased market. 
From an output estimated at 700 tons in 1878, the first year 
of any noteworthy production, the yearly yield of asbestos 
amounted in 1907 to 62,018 tons valued at $2,482,984, exclusive 
of the by-product “asbestic”’ which reached the value of $22,059. 
The total production of asbestos in Quebec now amounts to more 
than 400,000 tons, having an aggregate value of $18,000,000. 
These mines, which have been for some time the principal source 
of the world’s supply, in many cases still have reserves in sight 
that are practically inexhaustible, and undeveloped or partially 
developed deposits are yet unused in several localities in the 
asbestos district. 

GEOLOGY OF THE DISTRICT. 


The asbestos deposits of southern Quebec occur in serpentine 
rocks and as yet are mined only in that district between the inter- 
national boundary line and the Chaudiere River, commonly 
known as the Eastern Townships (map, Fig. 22). 

The serpentines and allied rocks of this district form part of 
a series which extends from Alabama to Newfoundland. In 
Quebec they form a belt beginning at the south near the west 
side of Lake Memphremagog and extending northeasterly 
through the counties of Brome, Shefford, Sherbrooke, Rich- 
mond, Wolfe, Megantic and Beauce, and farther northward they 
again appear in the Shickshock Mountains of Gaspe. The area 
occupied by these rocks in the southern part of the province is 


1 Published by permission of the Director of the Geological Survey of 
Canada. 
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usually less than five miles wide. In the Thetford-Danville dis- 
trict they are probably of Cambro-Silurian age, while at East 
Broughton they are thought to be Precambrian. 

The rocks of this belt are peridotite, generally much altered 
to serpentine; pyroxenite, frequently altered to talc; hornblende 
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Fic. 22. Map of Eastern Townships of Quebec, showing the areas of As- 
bestos Deposits and the Geology. 


granite; diabase and a breccia the matrix of which is some basic 
volcanic. These rocks give the district in which they occur a 
rather distinctive topography marked by rugged hills which 
easily distinguish it from the subdued ridges of the older forma- 
tions on the west. 
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ECONOMIC GEOLOGY. 
THE LOCALITY OF THE MINES. 


The principal asbestos mines are reached from the railway 
stations of Thetford Mines, Black Lake and East Broughton on 
the Quebec Central Railway, and from Danville on the Grand 
Trunk Railway. Thetford Mines is 76 miles from Quebec, 167 
from Montreal, 318 from Boston and 475 from New York by 
railway. 

The hills of this district, though numerous, are rarely more 
than 300 feet in height and the vicinity of the mines, except at 
Thetford, where they are within the limits of the town, is covered 
with rather dense second-growth. There are no large streams 
available for water power in the immediate district and power 
is supplied over transmission lines by two electric power plants, 
those of the St. Francis Hydraulic Power Company at Lake St. 
Francis, six miles from Black Lake, and the Continental Light 
and Power Company, Shawinigan Falls, some 90 miles distant. 
The latter supplies the greater part of the power required in the 
district. 

RELATIONS OF THE ROCKS. 

The serpentine is an alteration product of the peridotite, which 
with the pyroxenite forms a single igneous intrusion, probably 
a laccolite. Granite occurs as dykes and isolated masses which 
are thought to be nearly contemporaneous in age with the peri- 
dotite. Diabase occupies larger areas than the more basic rocks 
and is probably intruded between them and older adjacent rocks. 
The breccia is frequently found along the edges of the diabase 
and may be associated with it. Its matrix is rather basic and it 
contains angular fragments of peridotite, pyroxenite, granite 
and various sedimentary rocks. The whole series lies between 
sediments of Ordovician age on the east and old slates thought 
to belong to the Pre-Cambrian, or possibly to the Cambrian 
system, on the west. 

THE ASBESTOS. 


The asbestos, as is well known, is of the chrysotile variety, 
that is, the hydrosilicate of magnesium, and is similar in chem- 




















Fic. 
Black 
bestos 


ical ¢ 
distit 
ager 


to th 


It 
and 
prob: 
in ar 
veins 
to re 
has 
more 
thus 
are ( 
large 
ices | 
be se 





vay 
on 
and 
167 
by 


lore 
t at 
red 
ams 
wer 
nts, 

St. 
ight 
ant. 

the 


lich 
ably 
hich 
eri- 
ocks 
cks. 
base 
id it 
nite 
veen 
ight 
rian 


iety, 
1em- 











ASBESTOS DEPOSITS OF QUEBEC. 









































Fic. 23. Vertical section of the N. E. wall of a small asbestos pit at 
Black Lake, Quebec. White areas =peridotite; cross-hatched areas = as- 
bestos; Dotted areas = serpentine. Scale: the largest vein is 2 inches wide. 


ical composition to the serpentine rock in which it occurs. It is 
distinguished by the well-known fine fibrous structure due to the 
aggregation of parallel thread-like crystals arranged transversely 
to the veins which it forms. 


CHARACTER OF THE VEINS. 

It occurs in gash veins which are from mere lines to two 
and sometimes three inches in width. The veins develop 
probably first along the joint planes of the rock and afterwards 
in any fissures or cracks due to other causes. Hence the main 
veins often indicate original jointing and show the approach 
to rectangular arrangement. As all the rock of the district 
has been shattered and broken by regional metamorphism, a 
more or less parallel series of minor veins occurs in the openings 
thus formed. As the alteration of the rock advances partings 
are developed tending to round the corners and edges of the 
larger blocks, and crescent-shaped veins form in the small crev- 
ices afforded during this process. The three types of veins may 
be seen in the accompanying diagram (Fig. 23). 
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Another feature which this diagram is intended to show is 
that the asbestos veins are invariably accompanied by a band of 
pure serpentine on either side. Specimen 2048 (Fig. 25), which 
represents the average rock of this locality, is a peridotite con- 
sisting of about go per cent. of olivine, the remainder of the rock 
being orthorhombic pyroxene and a few grains of feldspar. 
Specimen 2049 (Fig. 24) is from the serpentine which has 
resulted from the alteration of the peridotite. The serpen- 
tine band is proportionate in width to the asbestos vein. In 





Fic. 24. Serpentine resulting from the alteration of peridotite. Shows 
a few grains of chromite. 


forty-nine measurements of veins selected at. random in the 
principal pits the width of the asbestos vein was a little more 
than one sixth of the serpentine. To be more precise, the ratio 
of the asbestos vein to the entire band of serpentine and asbestos 
was found to be 1: 6.6, and seventeen of the forty-nine measure- 
ments showed practical unanimity with that ratio. These 
measurements included veins varying in width from one quarter 
to two inches. Hence the proportion between the asbestos and 
pure serpentine in these rocks seems to be a fairly constant one. 

The veins are formed by the growth of minute crystals of 
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chrysotile. In most cases there is a parting in the vein, indicat- 
ing that it has been formed in separate parts. The parting is 
marked by a film of chromite or magnetite, more commonly the 
latter, and the ends of the crystals, that is the walls of the veins, 
also frequently have a similar coating. Occasionally the fibers 
have grown without break across the entire width of the vein, 





Fic. 25. Olivine serpentinized along the margin of the grains. A forked 
vein of serpetine on the right hand side shows minute fibers of asbestos. A 
single crystal of pyroxene is seen on the left. 


but this is rather exceptional. The fibers usually stand perpen- 
dicular to the side walls, but in a few cases they are arranged 
obliquely. Another peculiar feature of the veins is that the 
fibers are frequently bent as though by differential movement of 
the wall rock, but as most of the veins fill only small gashes in 
the rock, such movements do not seem possible. Dr. G. P. 
Merrill’ has suggested that this bending may be due to the 


"Bulletin of the Geological Society of America, 1904. 
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growth of fibers from one wall only and that they become bent 
by continued growth after reaching the second wall. Dr. 
Merrill also considers the jointed fibers to be the result of crys- 
tals growing from both walls until they nearly meet, when the 
interval between them may become filled by iron ore. 


ORIGIN OF THE VEINS. 


J. Hyde Pratt! regards the asbestos veins as crevices, due 
primarily to contraction and cooling and dehydration, which 
have been filled by infiltration of serpentine, and suggests that 
in the later processes of alteration, in which the peridotite has 
been serpentinized, these serpentine veins have become changed 
to asbestos. 

Dr. A. P. Low, deputy minister of the Department of Mines 
of Canada,” considers the cracks in the rocks due to shrinkage 
and also to dynamic metamorphism, and that they have been 
filled by solutions brought in by heated water accompanying the 
intrusion of the associated granite. Under pressure these solu- 
tions have solidified in crystalline form as asbestos. 

Dr. R. W. Ells* gives the opinion that the veins of asbestos 
are fissures filled by lateral secretion in a way analogous to the 
formation of many quartz veins. : 

F. Cirkel* believes the crevices which have given rise to the 
veins have been formed by partial dehydration and in part by 
fracturing resulting from the intrusion of the granite. The 
effects of increased bulk on the hydration of the peridotite to 
form serpentine and of the loss of volume by subsequent dehy- 
dration and loss of silica, as suggested by Merrill and Kemp, are 
also considered by Cirkel to be partial causes of the formation 
of the asbestos vein. 

The vein matter is admitted by all to have been derived from 
the country rock, with which it is identical in chemical composi- 

* Bulletin U. S. G. S., 1904. 


*Report on the Chibougaumau Mining Region, 1906. 
* Bulletin Geol. Sur. of Canada, 1903, and elsewhere. 


*“ Report on Asbestos,” Mines Branch of the Department of the Interior 


of Canada, 1905. 
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tion. Considering the number of the veins and their width and 
position in some parts of the rock, they can hardly be conceived 
of as ever existing as open fissures; for instance, veins of 200 
feet in length and from one and a half to two inches in width 
are occasionally found running horizontally under great depths 
of rock. In such cases gravity alone would make such open 
fissures impossible. Again, the width of the vein seems to 
depend upon the width of the serpentine band out of which it is 
formed. Then, as the serpentinization of the peridotite appears 
to be a continuous process, at least not to have taken place at 
one definite period, consequently, in the writer’s opinion, these 
veins must not be considered as having filled fissures but rather 
as replacements of the serpentine on either side of fracture lines. 
When the growth takes place outwards from each side of the 
line of fracture, the asbestos vein so formed has a parting in it; 
when replacement occurs on one side of the fracture only, the 
fiber of the vein is unbroken. Just what determines the limits 
to which the fibers may grow, that is, of the width of the vein, 
cannot be told, but their total mass seems to be in some measure 
proportionate to that of the pure serpentine of the rock. 

As far as known, the proportion of asbestos to serpentine 
rarely exceeds 15 per cent. of the rock and even this is very 
exceptional. Whether the asbestos occurs in a few large veins 


or many small ones seems to depend on the amount of fracturing 
of the rock. In this connection the conditions at East Brough- 
ton are interesting for comparison with those of other parts of 
the district. Here the rock is evidently much older than that at 
Thetford Mines and seems to be wholly reduced to serpentine. 
There seems to be less chromite disseminated through the rock, 
and pyroxene, which is rarely absent from the rock at Thetford 
and Black Lake, is seldom, if ever, found at East Broughton. 
There are here the conditions for forming the greatest amount 
of asbestos that the .rock will admit of. The proportion of 
asbestos is quite as high as in any other part of the district, 
though nearly all the wide veins have become too far altered and 
are useless. The asbestos of good quality occurs chiefly in nar- 
row veins more uniformly disseminated throughout all parts of 
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the rock. Thus it is not uncommon to find narrow veins run- 
ning near together and in parallel direction. Sometimes ten 
per cent. of the rock is thus composed of veins not more than 
one thirty-second of an inch in width. 

In the concentration of asbestos, the longer fiber of good 
quality is chiefly recovered by hand separation, while the shorter 
fiber is sent to the mills, where it is mechanically separated. At 
Thetford a certain part of the rock mined never goes to the con- 
centrating mills at all, while at East Broughton practically all 
the rock passes through mechanical concentrators. The signifi- 
gant feature of the asbestos at East Broughton is that the wider 
veins which are fairly numerous are partially replaced by calcite, 
thus forming a sort of ophicalcite, and indicating a further 
process of alteration. The successive stages of alteration have 
therefore been, first, from peridotite to serpentine; second, from 
serpentine to asbestos; and third, from asbestos to ophicalcite 
or a related mineral aggregate. 


OCCURRENCE OF THE DEPOSITS. 


The asbestos deposits of the Thetford district all occur toward 
the northern edge of the peridotite band and within a distance 
of some ten miles along its length. The serpentine in which 
they occur is generally distinguished in hand specimens by its 
greater softness and lighter color. The softness is due to the 
degree of serpentinization which depends probably on the pro- 
portion of olivine in the original rock more than on any other 
one feature. The lighter color is apparently due to the presence 
of less chromite, which occurs in minute grains through all por- 
tions of the rock. Peridotite, with a considerable admixture of 
pyroxene, and thus approaching pyroxenite, occupies large parts 
of this belt and is known to the miners as “ bastard serpentine.” 
Small bodies of it are commonly encountered in the working 
mines and are called “heads.” Microscopically these agree 
with the barren serpentine above referred to in having a larger 
proportion of pyroxene and consequently less olivine—that is, 


they are more siliceous. 
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ASBESTOS DEPOSITS OF QUEBEC. 


THE GRANITE. 


Small bodies of granite, seldom exceeding a few hundred feet 
in length, are very numerous in the peridotite in the vicinity 
of the asbestos mines at Thetford and Black Lake, where they 
are generally believed to be essential to the good quality of a 
deposit of asbestos. They occur as dykes, much faulted and 
broken, and in a great number of small, irregular masses whose 
relations to the serpentine are extremely difficult to determine. 

In composition they vary from an acid phase near aplite in 
the smaller dykes to hornblende granite in larger masses and in 
some of the largest to hornblende biotite granite. This ten- 
dency to become more basic as the bodies are larger seems to be 
a quite constant one. 

In their relation to the peridotite they sometimes have a well- 
fused contact and are quite as coarse-grained at the edges as 
elsewhere. In one. well-marked case there is an exception to 
this rule and the edges of a granite mass are finer and more acid 
than the central part. In another there is an intermediate type 
of rock between the granite and the peridotite which has the 
composition of gabbro-diorite. But more frequently they are 
surrounded by a layer of “ gouge”’ which conceals the original 
relations of the rocks. As the granite is the more resistant the 
gouge is chiefly developed at the expense of the softer peridotite 
or of the intermediate rock if there were one. 

Many of these masses of granite are so isolated from one 
another that it is very difficult, if not impossible, to conceive of 
any connection between them. While they are very numerous 
in the more basic part of the peridotite belt at Thetford and 
Black Lake, they are rarely found in the acid portions where 
the peridotite approaches a pyroxenite in composition. 

These facts suggest the possibility of the granite being a final 
and extremely acid product of differentiation of the general 
magma of which the basic equivalent is the olivine-rich portion 
of the peridotite. Such a differentiation might be analogous to 
the well-known case of the micro-granite and norite which have 
been derived from a single magma in the nickel field at Sudbury, 
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Ont.t. Such a relation, if finally proven, would corroborate the 
experience of miners who look for asbestos in the serpentine 
that is associated with the granite. 

On the other hand, it should be noted that no granite of im- 
portance is known in the serpentine at East Broughton, where 
asbestos occurs abundantly. This, however, is a relatively small 
occurrence of serpentine, much of the rock is drift covered and 
rock exposures are few, and granite may exist in the covered 
parts of the locality. 

SUMMARY. 

The results thus far gathered from a study of the asbestos 
district, chiefly in the county of Megantic, may be summarized 
as follows: 

1. That there are two varieties of asbestos bearing serpentine 
which differ in age and degree of alteration and probably in 
original composition. 

2. That the source of the asbestos is the.country rock. 

3. That the veins are formed by infiltration in crevices, en- 
larged by replacement. 

4. That the crevices may be joint planes and fracture planes, 
due to dynamic metamorphism and to weathering. 

5. That serpentinization of the walls precedes the formation 
of asbestos and there is a proportion between the two processes 
of approximately 7:1, thus giving a maximum of about fifteen 
per cent. of asbestos. 

6. That asbestos veins ultimately undergo alteration to ophi- 
calcite or a related product. 

7. That the granite is possibly contemporaneous with the 
asbestos-bearing peridotite. 


‘A. E. Barlow, “ Nickel and Copper Deposits of Sudbury, Ont., Geol. Sur. 
Can., 1901. A. P. Coleman, Ontario Bureau of Mines, 1903. 
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STUDIES IN THE APPLICATION OF THE 
ANTICLINAL THEORY OF OIL AND 
GAS ACCUMULATION. 


Matcotm J. Munn. 


Under the above heading the writer expects to present in 
Economic GroLocy, as the opportunity offers, short informal 
papers on interesting facts brought out by detailed studies of oil 
and gas pools. These are intended to discuss the application of 
the anticlinal theory in explanation of concrete examples of oil 
and gas accumulations, and to present such criticisms of the 
theory as the facts seem to justify. The object is to select, 
as far as practicable, examples that represent well-known types 
of pools in order to bring to bear upon the theory tests more 
nearly analogous to those used by the practical oil man. These 
will go a step further, however, and when possible give reasons 
why statements of this theory frequently do not measure up to 
the facts. No attempt will be made to present these papers in 
logical sequence. They may be regarded best as bits of evidence 
selected somewhat at random, with the idea of throwing interest- 
ing side-lights upon certain mooted questions relative to the occur- 
rence of oil and gas. It is hoped that they will bring up general 
discussion among geologists in order that a broader and firmer 
basis for future investigations may be established. 

Interest in an article will, therefore, be centered in the state- 
ment of facts relative to some pools or field, and the applica- 
tion of the anticlinal theory in explanation of these facts, or 
of any particular phase of the problem which may offer a favor- 
able opportunity for discussion. 

In this paper attention is directed to the structural and stati- 
graphic position of certain oil pools in the Sewickley quadrangle, 
Pa., of the U. S. Geological Survey, with the object of showing 
that these accumulations of oil are probably not due to movement 
by difference in gravity of oil and salt water contained in the 
14! 
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oil-bearing bed, or to the direct action of gravity in oil sands 
that are supposed to contain no water, which are the forces 
accredited to this work by generally accepted statements of the 
anticlinal theory. 

The Sewickley quadrangle embraces one sixteenth of a square 
degree, or about 226 square miles. Its southeast corner is 
about five miles north of the city of Pittsburg. Within this 
area more than 2,000 deep wells have been drilled, resulting 
in the development of several large pools of oil and gas. 

The production comes from seven or more sandstones of the 
Pocono and Catskill formations, respectively, of lower Carbon- 
iferous and upper Devonian age. These sandstones have a 
vertical range of less than 500 feet, and lie from 1,200 to 2,100 
feet below the surface. In descending order they are called 
the Hundred-foot, Thirty-foot, Snee (Blue Monday), Boulder 
(or Gordon Stray), Third (or Gordon), Fourth and Fifth 
sands. Except the Hundred-foot they are seldom more than 
40 feet in thickness; the average for each is probably not more 
than 15 feet. They are prevailingly white or grayish in color, 
but are sometimes bluish, red or black. They are of medium 
grain, porosity, and hardness, and so far as can be learned, do 
not differ materially in these respects from the sandstones of 
the remainder of the geologic column penetrated by the drill, 
or from those which outcrop. Judging from well records they 
seem to be more widespread and of more uniform thickness and 
texture than the exposed Carboniferous sandstones, but they are 
known to change considerably in color, thickness and composi- 
tion from place to place, and frequently to grade into sandy 
shales or “shells” of thin, hard sandstone, interbedded with 
shale. The single exception of this rule appears to be the 
Hundred-foot sand which ranges from 30 to 125 feet in thick- 
ness throughout the whole area, and which so far as hundreds 
of well records show, has always been found in wells drilled 
to that horizon. 


Though, as a whole, these sandstone beds are of medium grain 
and porosity, each of them encloses lenticular masses of coarse, 
sometimes conglomeritic sandstone, which is usually very much 


























nds 
ces 
the 


100 
lled 
der 
ifth 
han 
ore 
lor, 
ium 
do 
of 
rill, 
hey 
and 
are 
\OSi- 
ndy 
vith 
the 
jick- 
reds 
illed 


rain 
urse, 


uch 

















APPLICATION OF ANTICLINAL THEORY. 


STRUCTRAL MAP SHOWING LOCATION OF CERTAIN OIL POOLS IN THE 
SEWICKLEY QUADRANGLE , PENNSYLVANIA , 
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more porous than the surrounding sandstone. These soft porous 
patches are from a few square feet to more than a square mile 
in extent, and constitute the “ pay streaks” in which the oil and 
gas are found. 

The most important of these oil-bearing beds is the Hundred- 
foot sand, the bottom of which is at, or near, the base of the 
Carboniferous system. This sandstone underlies thousands 
of square miles in western Pennsylvania and Ohio. All 
of the wells shown on the accompanying map have been 
drilled to this horizon. To the mouths of nearly all of these, 
spirit-level lines have been run and their elevations above sea- 
level determined. Records of most of the wells were secured 
which show accurate steel-line measurements to the top of the 
Hundred-foot sand, and to several pay streaks which it is fre- 
quently found to contain. These data are sufficient to warrant 
the drawing of accurate structural contours on the upper surface 
of this sand. 

From the map (Fig. 26) it will be seen that these contours re- 
veal a slight wrinkling of this bed into a series of broad irregular 
folds having a north-south to northeast-southwest trend, with 
the axes pitching gently toward the south. The maximum dip 
of the sand is not greater than 125 feet per mile, the average 
being somewhat less than 50 feet. 

It will also be seen that fully ninety per cent. of the oil-pro- 
ducing areas in the Hundred-foot sand are situated on the crests 
or well up the slopes of the anticlines, and that the basins are 
remarkably barren of pools of oil or gas. The pools of oil in 
this sand are confined exclusively to the lenses of soft, porous 
pay streaks, which occur as irregular patches within the sand- 
stone (see Fig. 27). These pay streaks are entirely disconnected 
in horizontal extent, but may be roughly grouped into zones, 
each of which varies considerably in distance from the top of the 
bed. In most of the pools two or more of these horizons occur. 
A number of wells have shown as many as four pay streaks in 
this sand which, so far as can be learned, are as independent of 
each other as if they occurred in different sandstones. With 
the exception of one or two small pools of minor importance, 
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the oil is always accompanied by ,., 


more or less gas and salt water. 
The first wells drilled into one of 
these pay streaks frequently began 
flowing oil, gas, and salt water. 
The proportions of each varied 
greatly from well to well. Their 
relative proportions, so far as can 
be determined, had no connection 
with the thickness or porosity of the 
pay streaks nor with their vertical or 
horizontal position in the sand. The 
maximum initial closed pressure of 
the gas probably varied from less 
than 300 to more than 600 Ibs. per 
square inch. There was no percepti- 
ble difference in ratio of water to oil 
in the upper and lower pay streaks. 
In adjoining wells some pump from 
an upper, and others from a lower 
pay streak, in the same sand. The 
wells of the lower pay streak were 
sometimes first to exhaust both 
water and oil and be abandoned, 
while wells in the upper continued 
to pump. In a broader way the 
ratio of oil to water in the different 
pools does not vary with difference 
in height of the sand at those points. 
For instance, wells in the Perryville 
pool produce no greater ratio of 
water to oil than those of equal pro- 
duction in the same thickness of pay 
in the Brush Creek pool. Wells in 
the Cookson and Economy pools 
produce much less salt water than 
those of the Crows Run pool, which 
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is above them on the same anticline, and where there is no doubt 
of the continuity of the sand. The Leetsdale pool carries practi- 
cally the same ratio of salt water to oil as does the Garvin pool 
which is 360 feet higher up the dip of the sand. One almost 
universal rule holds for all the pools, 7. ¢., the supply of salt 
water decreases with pumping and when this is pumped out and 
the well exhausted of its salt water, no more oil is secured. 
Wells thus pumped out do not show a renewal of their supply 
of water if left standing for relatively long periods without 
pumping. Wells that do not flow when drilled in frequently 
fill up several hundred feet with oil and water; when this head 
is once pumped down and the well then left idle, it seldom, if 
ever, fills up again to the initial level. 

The maximum initial daily capacity of wells was probably 
more than 2,000 barrels of oil and from 1,000 to 10,000 barrels 
of water per day. Many of the wells made from 100 to 400 
barrels of oil, but the majority ranged from 5 barrels to some- 
what less than 100 barrels per day. A large number of these 
have pumped for twenty years and are now making from I to 
10 barrels. A significant and clearly established fact is that 
there is no uniformity in the ratio of decrease of oil and water 
in wells. For example, two adjoining wells may each have an 
equal thickness of the same pay streak, and each may have 
started off by producing 10 barrels of water to 1 of oil, or 
vice versa. After fifteen years one may be found to pump one 
barrel of oil to one of water; the other furnishing one barrel 
of oil to five of water or vice versa. 

In Fig. 27 the vertical scale and dip of the beds are greatly 
exaggerated in order to show the relation of the pay streaks. If 
the vertical scale were the same as the horizontal, the sand would 
appear as a thin, almost horizontal line. The porous patches 
are not confined to the oil pools, though they seem to be more 
in number and to have greater thickness in the producing areas 
than elsewhere. This may be due in part to the failure of the 
drillers to detect the thin pay streaks of two feet or-less where 
they do not contain oil, gas, or water. Wherever found, the 
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porous patches are termed pays or pay streaks by drillers regard- 
less of what they contain. In barren areas the pay streaks are 
usually found to be saturated with salt water, but are sometimes 
without either water, oil or gas. In such wells where salt water 
alone is found, it frequently shows a head of several hundred 
feet, the height to which the water rises not apparently being 
affected by the structure. The dry pay streaks are relatively 
few in number, and are scattered promiscuously throughout the 
quadrangle without particular reference to structure, though a 
larger per cent. of barren pay streaks are found to be dry in 
the northern half of the quadrangle than in the southern half 
of the quadrangle. 

The writer has often been struck by the great diversity of opin- 
ion among both geologists and producers as to the exact meaning 


“ce 


of the term “anticlinal theory.” Interpretations of this term 
are almost as numerous as those who use it. In general, how- 
ever, it is limited to the statement.of the relative position of oil, 
gas, and salt water to each other in the oil-bearing beds and 
to the structure of that bed. The fact that the majority of 
oil and gas pools show this relation to structure is regarded as 
the essential part of the anticlinal theory, and it is thought that 
no reason for such relationship is needed to make the theory 
complete. Therefore, a pool is said to be situated in accordance 
with the anticlinal theory if it is on or near the axis of an anti- 
cline, no consideration being given to the reasons why the pool 
is so situated. Many attempts have been made to present a 
satisfactory exposition of the principles upon which the anti- 
clinal theory is based, but up to this time no statement has been 
found to be of general application. 

In order to show clearly the application of the Anticlinal 
Theory to the facts above noted, it is found necessary to present 
a complete statement of Griswold’s' interpretation of the prin- 
ciples of this theory as laid down by White, Orton, Winchell, 
and other earlier geologists, who each studied various parts 
of the Appalachian region. Though Griswold’s deductions are 


*Bulletin 318, U. S. Geol. Surv., pp. 13. 
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among the latest and most elaborate yet presented by an Amer- 
ican geologist, they do not embrace a few salient features 
brought out by previous writers, to which reference will be 
made later. He says: 


The organic matter imbedded in the shale which lies below and 
between the oil-bearing sandstones mentioned above, may have been the 
original source of the petroleum. This hypothesis is accepted in this 
paper, though such acceptance is not meant to imply that the hypothesis 
is established beyond question or that there are no facts and arguments 
which point to other sources of petroleum than the organic matter found 
in the accompanying sedimentary formations. 

Whether the petroleum comes from within or from below the shales, 
it must pass through them, and to do this it must pass through the very 
small pores existing in those relatively impervious beds. The nature 
and cause of this movement are not understood. Capillary action and 
great rock pressure may be suggested as causes which aid in forcing 
the petroleum out from the shales, but there are not sufficient data on 
this subject to justify any scientific explanation. It matters little what 
is the ultimate source of the oil; the important facts are its occurrence 
now in the porous sandstones, its circulation through the rocks, and the 
conditions leading to its accumulation in commercial deposits. 

Movement in Porous Rocks—The porous rocks into which the oil and 
gas enter may be dry or they may be completely saturated with water. 
In most cases it is probable that a combination of these two conditions 
exist—that the porous rocks are completely saturated with water up to a 
certain level, but above that point they are dry. The movement of the 
hydrocarbons through the rocks will not be the same in the two cases, 
and therefore each condition must be considered separately. 

If small quantities of oil and gas enter dry porous rock at different 
points the oil will flow down as long as gravity is sufficient to overcome 
the friction and the capillary attraction. The gas will diffuse with the 
air or water vapor contained in the pores of the rock. 

Oil and gas entering a porous rock that is completely saturated with 
water will be forced up to the top of the porous stratum by the difference 
in the specific gravity of the hydrocarbons and the water Here the oil 
and gas will remain if the porous stratum be perfectly level, but if it has 
a dip sufficient to overcome the friction the particles of oil and gas 
will gradually move up this slope, the gas with its lower specific gravity 
occupying the higher places. 

In case the porous rocks are partly saturated a combination of these 
two actions will take place. The oil entering above the line of complete 
saturation will flow down to that line and the oil entering below will be 
forced up to the top of the completely saturated portion. 
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The statements given above are based on the assumption that the oil- 
bearing rock is homogeneous throughout and that the oil will move 
with the same degree of freedom in every direction. This is rarely the 
case. Sandstones are noted for their irregularity in composition, as 
regards both the size of the individual grains of sand and also the 
material which cements the grains together. It is obvious that any 
fluid will move more rapidly through a coarse conglomerate imperfectly 
cemented than through a dense, fine-grained sandstone, the particles of 
which are thoroughly coated and all the interstices filled with impervious 
cement. If the oil-bearing rock contains areas practically impervious, 
these areas, according to their size and position, will be more or less 
perfect barriers against the movement of the oil or the gas. 

Places of Accumulation—(1) In dry rocks the principal points of 
accumulation of oil will be at or near the bottom of the synclines or at 
the lowest point of the porous medium, or at any point where the slope 
of the rock is not sufficient to overcome the friction, such as structural 
terraces or benches. (2) In porous rocks completely saturated the 
accumulation of both oil and gas will be in the anticlines or along the 
level portions of the structure. Where the area of porous rocks is 
limited the accumulations will occur at the highest point of the porous 
medium, and where areas of impervious rocks exist in a generally porous 
stratum the accumulation will take place below such impervious stop, 
which is really the top limit of the porous rock. (3) In porous rocks 
that are only partly filled with water the oil accumulates at the upper 
limit of the saturated area. This limit of saturation traces a level line 
around the sides of each structural basin, but the height of this line may 
vary greatly in adjacent basins and in different sands of the same basin. 

Partial saturation is the condition most generally found, in which 
case accumulations of oil may occur anywhere with reference to the 
geologic structure; it is most likely, however, to occur upon terraces as 
levels, as these places are favorable to accumulation in both dry and 
saturated rocks. 

Under all conditions the most probable locations for the accumulations 
of gas are on the crests of anticlines. Small folds along the side of a 
syncline may hold a supply of gas, or the rocks may be so dense that 
gas cannot travel to the anticline, but will remain in volume close to 
the oil. 


What explanation of the facts stated above does this inter- 
pretation of the anticlinal theory offer? 

In beginning, it does not seem possible to seriously question 
the assumption that these pools are accumulations. The fact 
that they fill, at a high pressure, soft streaks of a pure quartz 
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sandstone and conglomerate in which no indications of organic 
material occur, and that the pools have a definite structural 
grouping, which it is not probable that they would have if indig- 
enous to the pay streaks, seem to be sufficient proof that the 
pools are accumulations. If the oil is not indigenous it must 
have reached the porous lenses by traveling a greater or less 
distance through the finer grained, less porous sandstone which 
encloses them. According to Griswold’s interpretation of the 
anticlinal theory we may assume that ‘all the oil is indigenous 
to the Hundred-foot sand and that no part of it has come from 
the shales above and below. This assumption the writer believes 
to be far from the truth, since almost all the evidence collected 
by geologists points to the shale as the ultimate source of the 
oil. Eliminating this possibility, however, and granting that 
the oil by some mysterious means has come to be in the sand- 
stone, it will be seen that its movement has been downward 
through the direct action of gravity where the sand was dry, 
and upward through difference in weight of oil and water where 
the sand was saturated with water. Not considering the fact 
that water is now found in the pay streaks, the first way may be 
at once discarded because a large per cent. of the oil is confined 
to the anticlines, in which cases there are no steeper dips or 
higher drainage areas available as a source for it. 

If we assume that this oil has been transported to the pay 
streaks by difference in gravity of oil and water, to provide a 
sufficient catchment area, we must also grant that it has traveled 
laterally through the surrounding sandstone for considerable dis- 
tances where the sand has a maximum dip of not more than I 
foot in 50 feet, and an average dip of probably about 1 foot in 
75 feet. Crude petroleum from this sand has a specific gravity 
of about 0.7977, pure water being 1.0000. ‘The specific gravity 
of the salt water with which the oil is associated is 1.0623, the 
difference in specific gravity of water and oil being 0.2646 or 
about 30 per cent. of the total weight of the oil. This is, there- 
fore, the maximum force that a globule of oil can exert upward 
under hydrostatic pressure. At the maximum dip of 1 foot 
to 50 feet the force available for movement along the dip is 
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calculated to be about .0067 of the weight of the globule of oil. 
This is the available free force which advocates of the hydro- 
static idea of oil accumulation consider sufficient to bring together 
under enormous pressure large pools of oil and gas. Since this 
is the crux of the whole question of accumulation by difference 
in specific gravity of oil and water, it justifies minute exami- 
nation. 

Those favoring this idea doubtless believe that the available 
force for movement along the dip as given above, has no counter- 
balancing force opposing it. There are, in reality, several con- 
stant forces that act in opposition to this movement. Some of 
these are: molecular repulsion of oil and water; capillary ad- 
hesion; interstitial molecular cohesion (which is proportional 
to the viscosity of the oil) and both static and kinetic friction. 
Of these, molecular repulsion prevents diffusion and tends to 
force the less plentiful oil particles into spherical globules, in 
which shape the viscosity of the oil exerts its maximum strength 
against movement through the water-logged pores of the sand- 
stone. It is reasonable to suppose that a large percentage of 
the globules when formed are of sufficient size to envelop one 
or more sand grains and to completely fill the interstices between 
two or more grains, but that the total amount of oil at one place 
is exceedingly small. Under such conditions the adhesion of 
oil to the walls of the capillaries and the molecular cohesion of 
oil particles around the grains would offer relatively enormous 
resistance to any movement. The coefficient of static friction 
“is the ratio of force required to just move a body over a still 
one, to the pressure with which the bodies are held in contact.” 
This ratio is not dependent upon velocity or upon the extent of 
the surfaces in contact on which the pressure is distributed. As 
a simple example of this force: If we lay a penknife upon the 
horizontal surface of a book and slowly tilt this surface, the 
knife will remain motionless until a certain point is reached 
where the static friction is overcome by gravity and the 
knife begins sliding down the slope. If the tilting is arrested 
a moment before this point is reached, the knife will remain 
motionless indefinitely. This is not exactly an analogous ex- 
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ample since we deal with two solids instead of.a solid and a 
liquid. Unfortunately the writer has no figures at hand, nor 
does he know of the existence of any, which give the coefficient 
of static friction of oil under the conditions named above. In 
the case of the oil, the tendency would be to flatten the globules 
against the opposing roof of the sandstone by a rolling motion 
of those molecules not in contact with this surface which com- 
pared to the size of the globule, would be of unlimited extent. 
This rolling motion would continue to flatten the globule until 
all the molecules of the oil were in contact with the roof of the 
sandstone, or until the tendency to flatten would be counter- 
acted by the viscosity of the oil plus the greater molecular repul- 
sion offered to the thinner edges of the globule by the salt water. 
When this ‘stage is reached by such globules as arrive at the top 
of the sandstone they will behave, so far as static friction is 
concerned, as if they were solids. In addition to this purely 
static element of friction, the resistance to movement of the oil 
along the roof of the sandstone is made relatively enormous by 
the kinetic friction involved by contact of the globule of oil 
with the solid sand grains in front of and below it, and in forc- 
ing passage through the water-logged pores between them. 
Therefore, while it is not possible with the data now available 
to present unquestionable mathematical proof that oil could not 
have traveled by difference in specific gravity through the 
Hundred-foot sand under the conditions known in the Sewickley 
quadrangle, it may be shown that such movement is highly 
improbable, and that the opposing forces would undoubtedly be 
much greater than that available for motion through difference 
in gravity of oil and salt water. 

Griswold recognizes the ability of friction to prevent move- 
ment. In the above quotation he says: 

Here the oil and gas will remain if the porous stratum be perfectly 


level, but if it has a dip sufficient to overcome the friction the particles 
of oil and gas will gradually move up the slope. 


What dip, then, is necessary to overcome friction in oil-bearing 
sands of average porosity? There are few, if any, places in 
the 1,200 square miles of territory examined by the writer in 
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Pennsylvania where the dips of the oil-bearing strata exceed 
200 feet to the mile, or approximately 1 foot in 26 feet. The 
average dip of the sands over the possible catchment areas will 
not exceed 75 feet per mile. It is probably between 50 and 
60 feet, or 1 foot to approximately 100 feet. For some very 
large pools the catchment area of the oil-bearing sand has a 
dip of less than 30 feet to the mile for considerable distances 
on all sides of the pools. This gives a dip of 1 foot in about 
175 feet. In small areas of a square mile or less that enclose 
pools the dip is even less than this. Advocates of movement 
by difference of gravity of oil and salt water, must therefore 
assume that the minimum dip necessary to overcome friction 
is less than 1 foot in 175 feet. According to the figures given 
above this would furnish free force for movement equal to about 
.00187 of the weight of the oil. It seems reasonable to sup- 
pose that irregularities in the top of the oil-bearing sands due, 
among other possible causes to unequal deposition, would make 
local reverses of dip in the roof of the sandstones of such magni- 
tude as to restrict movement by difference of gravity to very 
small catchment basins of, at most, only a few acres in extent. 
Also the supply of oil reaching the roof of the sandstone at any 
given point would doubtless be very small, and the accumulated 
supply along any line of motion very probably would not be 
sufficient to fill up and override these irregularities in the roof 
of the sandstone. 

Regardless of first impressions the positions of the oil pools 
in the Hundred-foot sand of the Sewickley quadrangle do not 
support the view that the accumulations have been made through 
difference in specific gravity of the oil and salt water (see Fig. 
27). If such movements were possible under these conditions, 
what is to prevent all the oil from collecting at the top of the 
sand or in the topmost pay streaks, leaving the lower ones to 
salt water exclusively. The fact is that there is no perceptible 
difference in the ratio of water to oil in the pay streaks at the 
top and at the bottom of the sand. A lower pay streak may 
frequently be found to furnish a greater per cent of oil to water 
than another located above. 
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If we accept Griswold’s statement of the anticlinal theory 
we are forced to assume that the great pressure (600 lbs. per 
square inch) of the oil, gas, and water in the pay streaks comes 
primarily from the pressure of gas indigenous to the pay streaks 
and formed subsequent to the accumulation of oil. It is diffi- 
cult to see how such a pressure can be localized, since if the 
oil is free to move into the pay streaks at a pressure of about 
0067 of its weight, the gas should much more easily flow out 
and dissipate its pressure throughout the whole sandstone. 

The facts brought out by a study of the Hundred-foot sand 
in the Sewickley quadrangle are corroborated by those of such 
of the other sands as afford reliable data for comparison. Be- 
cause of a lack of facts relative to the pools in the Fifth, Fourth, 
and Thirty-foot sands, they will not be considered, though, so 
far as these facts go, they are in the main corroborative. 

The Moon, Coropolis, Mt. Nebo, Sandle and Wildwood pools 
furnish all the oil found in the Third, or Gordon sand, except 
a small pool on the southern edge of the quadrangle, one or 
two wells in the Ingomar pool, and a few wells in the vicinity 


of Perryville pool. These are the only pools that show no 
definite relation to structure. The Wildwood, Sandle, and Mt. 
Nebo pools produce little or no salt water with the oil. The 


Coropolis pool has salt water with the oil in wells along the 
southeast edge, and more or less salt water in the gas wells 
in this sand on the Crow’s Run Anticline to the northwest of 
the oil-producing area. The behavior of the salt water on the 
southeastern side of this pool is quite different from that found 
in the Hundred-foot sand. Here the salt water increases in 
quantity and head with the life of the well. Those that at 
first produce oil exclusively, sooner or later show a little salt 
water. This gradually increases in quantity and head with 
pumping until the well produces salt water and no oil. In this 
pool the water is slowly traveling toward the northwest, drown- 
ing the oil pool as it goes. This, at first, seems the logical 
conclusion to be drawn from Griswold’s statement of the Anti- 
clinal Theory, but when we learn that the Imperial Oil pool in 
this sand, which lies off the quadrangle less than three miles 
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to the south of the Coropolis pool, and down an unbroken dip 
from it, has shown little or no salt water in the Third sand, the 
problem takes on a new aspect. Test wells between these pools 
report the Third sand present in all of the records received, but 
few of them make any statement regarding water conditions, 
so it is impossible to determine the southern limit of the salt 
water area. From the wells of the Moon pool an increasing 
amount of salt water is pumped with the oil from year to year. 

The wells of the Craig and Davis pools flow oil and gas from 
the Boulder sand. This sand is also productive in the Grubbs 
pool, which is the pool on the crest of the Brush Creek Anti- 
cline to the northwest of the Mt. Nebo pool. It also is oil- 
bearing in the pool to the northeast of the Crider pool. At no 
place, to the writer’s knowledge, has salt water been found in 
the sand. Two out of the four pools mentioned, are located 
squarely on the Brush Creek Anticline, the Davis and Craig 
pools are near the axes of flat synclines. Most of the wells 
in this sand flowed oil and gas when first drilled in, but only 
the two last named pools and a few scattered wells continue 
to do so. 

It will be seen that all the accumulations found in the Snee 
sand, of which the Duff City and Crider pools are the most 
prominent, occur at or near the top of the Brush Creek Anti- 
cline. This sand is considered to be dry by drillers, who, so 
far as can be determined, have found no water in it. 

In all instances the pools of oil seem to be limited by the 
extent of the pay streaks in which they occur, with the excep- 
tion of the Moon and Coropolis pools, where a portion of the 
pay streaks is occupied by salt water exclusively. It may be 
seen, from the above brief outline, that the evidence as a whole 
is decidedly against the idea that these pools could have been 
accumulated by difference in gravity of oil and salt water. 

It seems safe to say, with as much positiveness as is warranted 
in any case involving circumstantial geologic evidence, that the 
oil pools in the Hundred-foot sand of the Sewickley quadrangle 
have not been accumulated through difference of specific gravity 
of oil and salt water. While this factor doubtless had its effect, 





156 MALCOLM J. MUNN. 


lateral movement through difference in gravity alone was so 
limited as to be of no consequence. What is said of the Hun- 
dred-foot sand may, in a less positive way, be said of the pools 
in other sands of this area, and also of all pools found under 
similar conditions throughout the entire Appalachian region. 
Since the pools in the Hundred-foot sand of the Sewickley quad- 
rangle are examples where the idea of accumulation through 
difference in specific gravity of oil and salt water probably does 
not apply, to such an extent may we also question its application 
to any oil pools, no matter where they may be. 

Space will not admit of a discussion being made in this paper 
of each of the interpretations of the “anticlinal theory’’ pre- 
sented by American geologists. In brief it may be said that any 
hypothesis based on the idea of difference in gravity as the cause 
of accumulation cannot be accepted as applicable in the example 
cited above; but in no case should the discarding of this idea 
be considered as affecting the validity of- the structural factor 
involved. These two ideas are usually so closely associated 
that to discredit one seems to imply an equal disparagement of 
the other. This is not true. There is no fact more clearly 
established by geologic studies of oil and gas pools than that 
structure is an important factor of accumulation. Beyond this 
fact, however, theories advanced to account for it and to ex- 
plain a logical sequence of events for accumulations of oil and 
gas pools are little more than visionary hypotheses based upon 
too few facts and too much speculation. That structure is an 
important factor in determining the position of many oil pools 
cannot be denied, but that it the most important and the con- 
trolling factor can by no means be so easily proven. As an 
agent of transportation, water should be accredited with much, 
if not all, of the work, but in what way water has accom- 
plished these results is still an open question. It is very prob- 
able that in some cases this was through difference in specific 


gravity of oil and water; in others through the action of moving 
water driven by hydraulic (not hydrostatic) pressure; in still 
others, the water doubtless traveled by capillarity. To the 
writer's mind, by far the most potent and wide-spread agent 
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of transportation and accumulation of oil and gas, is moving 
water, under both hydraulic and capillary pressure. With the 
most favorable circumstances local lateral movement by differ- 
ence of gravity of oil and water might have taken place, but 
ordinarily this force was probably barely sufficient to produce 
vertical movement. 

Space will not permit a theoretical application of the moving 
water idea of oil and gas transportation being made in this 
paper, nor does the writer care to advance this hypothesis in 
its present state of development as an explanation of the struc- 
tural position of the oil pools of the Sewickley quadrangle, 
though it may be shown to lend itself readily to logical solutions 
of many of the more difficult phases of the problem. At the 
present stage of the investigation of oil and gas phenomena, 
facts are infinitely more to be desired than theories. The writer, 
therefore, prefers to present the above facts as so much evidence 
to be weighed for what it may be worth, and to supplement it 
from time to time with such data as to him seems germane to 
the real problems of oil and gas accumulation. 

The structural factor of accumulation is of great economic 
value, since it affects, within certain limitations, the position 
of oil and gas pools, and therefore, in many instances, gives a 
valuable clew to the location of pools in advance of. the drill. 
In a purely theoretical sense it is a substantial nucleus of truth, 
around which, with great care and much patience, we must group, 
one by one, the other necessary parts of this most interesting 
geologic puzzle, before a satisfactory explanation of all the 


phenomena involved can be made. 





DISCUSSION 


This department has been established by the editors in order to afford to 
those interested in questions relating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
Sheffield Scientific School of Yale University, New Haven, Conn. The full 
name of the author should be attached to all communications. 

THE LOCALIZATION OF VALUES IN ORE BODIES 
AND THE OCCURRENCE OF CHUTES IN 
METALLIFEROUS DEPOSITS. 

THE DECOMPOSITION OF A BOULDER IN THE CALUMET AND HECLA 
CONGLOMERATE, AND ITS BEARING ON THE DISTRIBUTION OF 
COPPER IN THE LAKE SUPERIOR COPPER LODES AS INDI- 
CATING THE TREND AND CHARACTERS OF THE 
WATERS FORMING THE CHUTE.’ 
INTRODUCTION. 

The wide distribution of the copper in the copper-bearing 
amygdaloids and conglomerates of the Lake Superior copper 
region has been often remarked. The uniformity or lack of 
uniformity of distribution has not, however, been as equally 
discussed. 

The very slight but gradual diminution in copper content with 
depth, however, and the arrangement of the copper in definitely 
localized areas within the conglomerates and amygdaloid layers 
have now become sufficiently well known to warrant some ex- 
planation of the manner in which the irregularity of distribution 
was produced. The illustration on p. — will serve to show the 
position of the chute in the Calumet and Hecla conglomerate. 

At the request of the editor I present some comments on a 
specimen boulder? from the Calumet and Hecla conglomerate, 
prepared to accompany its exhibition at a meeting of the Michi- 

‘This paper was to have appeared in Vol. III., No. 6, of Economic GEoLocy 
and has been so referred to by the author in other writings. Owing to edi- 


torial complications, it has been delayed. 
* Michigan Geological Survey Collection, No. 20600. 
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gan Academy ‘of Science in the spring of 1908. From a study 
of this boulder and the alteration of which it is an example the 
inference may be drawn that the chute is along a zone of min- 
gling and downward migrating waters containing the chlorine, 
hydrating the original rocks, and abstracting soda. 

The first and most striking feature about the copper deposits 
of this region is the invariable association of the copper with 
minerals which are the product of profound alteration of the 
country rock, both conglomerate and amygdaloid. Any attempt 
to explain the deposition and distribution of the copper must also 
include an explanation of the origin of the associated minerals 
and alteration products which are clearly a result of the same 
series of reactions which deposited the copper. This alteration 
is known to extend downward along the dip of the lodes for 
8,000 feet and how much further cannot now be determined. 
In this paper the nature of the alteration as seen in the specimens 
exhibited by the writer will first be described, then the bearing of 
this alteration on the distribution of the copper. 


CHARACTER OF THE BOULDERS. 


Mineral Character.—In those boulders which best illustrate 
the chemical changes that have taken place, the copper occurs 
mainly as a cement between the pebbles. Occasionally fissures 
filled with copper may be found in a pebble and rarely a whole 
pebble is now practically solid copper. In addition to the copper, 
epidote and calcite are frequent secondary constituents of the 
cement between the pebbles. 

As many pebbles are found fairly fresh, secondary silicification 
is probably frequent. 

Pumpelly, in his well known studies on the changes in the Lake 
Superior copper-bearing rocks, describes the changes which the 
original boulders of Calumet and Hecla conglomerate must have 
undergone to produce these results. He says:’ “ The displace- 
ment of feldspar and quartz-porphyry by chlorite, as exhibited 
in pebbles of the conglomerate, points to an extremely important 
line of investigation for the chemical geologist.” 


* Geological Survey of Michigan, Volume I., Part 2, pp. 37, 40. 
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His observations, minute for the time, were not, however, sup- 
plemented by chemical analyses. In pointing out the changes 
that have occurred two analyses of these boulders are presented 
by the writer. These analyses are placed side by side with analyses 
of the country rocks of the lodes when they are comparatively 
little affected by alteration. Just what the original composition 
of one of these altered pebbles was is a question which one must 
be cautious in answering. Some suggestions, however, may be 
given; both as to the character of the rocks from which they may 
be supposed to have been derived, the changes involved and the 
kind of water which may have produced the changes. It is hoped 
that others may add valuable suggestions. 

Chemical Character—In many cases the general trend of 
change is unmistakable. Take for instance the following partial 
analysis of a boulder by G. H. Heath, chemist of the C. & H. 
Mining Co. This was a “bluish gray, greasy deposit like talc 
found inside a boulder,” the outer shell of which was turned to 
copper. The partial analysis was: 


SSIUCA, IUDs <5 3 vo hw SUR Rea RRC 36.75 = .612 molecule. 
and Alumina | or as FeO ....... 24.57 = '.204 
Iron oxide { (Fe:Os, Al-Os) ...... 27.34 
Mbenesta: MOO | ois oss cows eet ees 00 6 Ged SOL 
Loss on ignition H2O0; COz.......... 11.07 = .616 
Difference Na2O; K2O?.............. LO =',0a0r 

100.00 


This evidently corresponds closely to a formula 2H,O, 2MgO, 
FeO, 2SiO, closely allied to that of serpentine. Serpentines are 
often derived from peridotites. There are to be sure peridotites 
known in the Lake Superior region, but it is most probable that 
the original rock was not more basic than an ophite, perhaps 
much more silicious, 

Fortunately I was able through the kindness of J. L. Nanker- 
vis, the commissioner of mineral statistics, to obtain recently an- 
other boulder of the kind—the one exhibited—in which enough 
of the texture, and in: particular large porphyritic crystals of 
plagioclase, is left to make one reasonably sure that we are 
dealing with a porphyrite not so femic (rich in iron, magnesia, 
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etc.) as the ophites, but more like some of those analyzed for 
L. L. Hubbard by F. P. Burrall? 

Comparative Analyses of Keweenawan Rocks.—We will place 
beside the analysis of the altered ground mass dug out by 
me and analyzed by F. B. Wilson, analyses of these Keween- 
awan rocks and gabbro for comparison. The gabbro analysis 
presents quite nearly the rocks above and below the conglom- 
erate and possibly also the original of the boulder. Some of the 
boulders have more silica than the ophites and are porphyries, 
but most of them are not so much decomposed. ‘Thus it is quite 
likely that these exceptional boulders which become so much de- 
composed and so largely changed to copper were somewhat ex- 
ceptional in composition to begin with, but it is not at all likely 
that they had less silica than the ophite mentioned. Such a 


Altered boulder. Diabase porphyrite. Porphyrite. 
20600 Ophite. 17033 17039 17007 
I 1a urn 3 3a 4 4a 5 
a | 
Silica; SiO...) 460i. 31.42 | 523 | 46.01 | 52.83 860) 59.52 | .992/ 57.45 


Alumina, Al,O,..... 16,82 | .165 16.95 | 16.30 .160| 15.58 153 | 15.75 


Ferric oxide, Fe,O,, 15.58 | .097 5.14 | 9.60 059} 7.24 | .045| 11.12 
Ferrous oxide, FeO), 12,08 | .168 9.83 | 2.48 .035| 1.86 .026| 1.74 
Magnesia, Mg0O..... 3.36 | .084 6.20 | 3.98 100] 2.11 .053| 1.94 
Lime, CaO)..c...0.0. 2.84 | .051 6.71 | 2.98 .053| 1.81 ,032| 0.12 
Soda, Na,0.......... 1.98 | .032 2.22 | 6.54 105, 6,82 1I0| 7.84 
Fotash, K.O....;:...< 1.04 | .OII 17% 2.49 026! 3.48 .037| 3.51 
Water, HO) .....6ss 14.52 | .806 | 2.76 .153| 2.23 134] 1.23 
Manganese........... tr. | tre 

BD e sy ossspnussves ees 2.48 | 

Difference............ 0.34 2.75 | 0.04 

DUM, 02.00. secer scenes 100,00 | 1.937 100,00 | 100,00 100,00 | 100,65 100.70 
_ eee 2.78 | 


AUTHORITIES. 
1. Altered boulder from Calumet Conglomerate—analyst F. B. Wilson—new. 
There is also 0.02 of Cu. 
1a. Molecular proportions in 1. 
2. Gabbro 20509? Annual report for 1904, p. 154, No. 9, L. Kirschbaum. 
3. Diabase porphyrite, Vol. VI., Geol..Sur. Mich., Part 2, p. 26, F. P. Burall. 
3a. Molecular proportions in 3. 
4. Porphyrite. Same reference and analyst. 
4a. Molecular proportions in 4. 
5. Porphyrite. Same bed, reference and analyst as 4. 


*Volume VI., Geol. Sur. Mich., Part 2, pp. 25-26. Spp. 17033, 17039, 
17007. 
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gabbro is, so far as known, the basic limit among Keweenawan 
rocks.1 As far as [ can judge, however, the particular boulder 
exhibited from which the material analyzed by F. B. Wilson 
came, is more likely to have been a much more salic porphyry or 
a diabase porphyrite like 17033, analysis 3. 


DESCRIPTION OF BOULDER 20600. 

This pebble or boulder (20600) as may be noted, is surrounded by a shell 
of copper considerably stained with carbonate, probably of recent origin. 
The interior next the outside is decomposed grayish green or blanched. 
The main mass is mixed greenish and dark maroon, and shiny and soft. 
This soft (H=1) matter is the material analyzed. In it are imbedded 
white Karlsbad-albite twins of andesite or oligoclase, one of which dug out 
shows P. (oor), y. (201), M. (o10) and the prism? (110). 

While obscured with enclosures so that the refraction is not easy to de- 
termine, for one crystal it appears to be near and a little above 1.545. In 
another case it is distinctly near 1.536. The extinction angle on P against 
M is 3°-3°, in another case 7°-7° and generally small (in one case in that 
zone 10-15)? (18°-18°). 

The boulder tested by Heath had a very similar ground mass. Both the 
albite and Karlsbad twinning are plainly visible with the pocket lens. No 
quartz or orthoclase phenocrysts were noticed. 


OTHER ALTERED BOULDERS. 

This kind of alteration attacking the ground mass is not 
really uncommon. Capt. Jos. Pollard, of the Calumet and 
Hecla mine, has quite a collection of Karlsbad twins? picked out 
of the soft rock that show the crystal form nicely. They are 
sometimes partly replaced by copper, and are sometimes an inch 
or more in size. Very suggestive also is a boulder in his collec- 
tion which is a mere hollow shell, lined with red feldspar (ortho- 
clase?) and specular iron ore (hematite). Another pebble seems 
to have originally been calcite, and has a calcite core, is now 
largely replaced by specular ore (hematite) with a little copper. 

Copper, as is also shown by Pumpelly’s paragenetic tables,* 
is always a late comer. While the particular pebbles analyzed 
may have been fairly femic, they may not, and Pumpelly (pp. 

* Winchell, A., Journal of Geology, XVI. (1908), pp. 765-774. 

? Other laws are also represented and they are quite complex. 


5 Geol. Surv. Mich., Volume I., part 2, p. 32. See also Proc. Lake Superior 


Mining Institute, XIII. (1908), p. 139. 
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37-39) has well described the alteration of a quartz porphyry, 
the matrix becoming softer, chlorite appearing on the seams of 
the quartz and feldspar phenocrysts, then the matrix changing 
to a soft green chloritic mineral which whitens and fuses to a 
gray glass before the blowpipe, finally every trace of the matrix 
becoming changed to chlorite, and some of the quartz! The 
alteration of the feldspar lags behind. Copper comes in with the 
chlorite and may finally replace it, and yet some at least of the 
quartz and feldspar phenocrysts may remain imbedded in a cop- 
per ground mass! 

On the other hand it is common to find pebbles of porphyry 
in which there has been a secondary enrichment of iron oxide, 
and while the very margin of the feldspar of porphyry may ap- 
pear blanched (due to epidote?) the matrix often contains an 
unusual amount of bright red feldspar (orthoclase). 

WATER ADDED, SODIUM SILICATE REMOVED. 

In both boulders water is clearly added. Either iron is largely 
increased or the other constituents have lost more than half, 
which latter does not seem likely. The alkalies, particularly the 
soda, have been removed. Alumina, magnesia, and lime appear 
to keep the same proportions in the boulder before us, but in that 
tested by Heath magnesia has certainly been added. If, as gen- 
erally supposed, the alumina remains constant, the silica has been 
removed. It may be noted, too, comparing 3a and ta, that 
the amount of silica removed (.860 — .523 = .337) is to the 
amount of alkalies removed (.131—.043==.088) nearly as in 
water glass (Na,O-4Si0O,). 

We may say then, roughly, that iron and water have been 
added, water glass abstracted. Another noteworthy thing is 
that whereas in the original rocks (analyses 3 to 5) the molecular 
ratio of alkalies to silica is more than 1: 12, in the altered boulder 
it is in the proportion of .043 to .523. Now this (1:12) ratio 
is, as I have elsewhere’ pointed out, a normal one, especially for 
the salic rocks. Possibly alkalies in excess of this are more easily 
removed. 


*“The Role of Possible Eutectics in Rock Magmas,” Jour. Geol., 1904, 12, 
pp. 83-03. 
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Such an alteration is much more likely in a water where tem- 
perature is rising, that is, water moving downward. 

A further thing to remark is that it is doubtful if there is any 
marked change from ferrous to ferric iron. Water glass re- 
moved (Na,Si,O,) and serpentine introduced (H,Mg;Si,O,) 
have the same amount of oxygen. There is, however, an un- 
certainty in comparing a specimen from a deep mine with speci- 
mens exposed in outcrops and necessarily oxidized. It seems 
then quite safe to assert that the deposition of copper in the 
Calumet and Hecla conglomerate was one feature of a change 
which included also the removal of water glass and enrichment 
with water, magnesia and iron. As Pumpelly has pointed out, 
while the copper may replace original feldspar and also the lime 
zeolites, prehnite and laumontite, and is nearly contemporary 
with and overlaps in period of formation the chlorite and calcite, 
especially the beautiful clear crystals of calcite,’ it is earlier than 
the alkaline zeolites, analcite, apophyllite, datolite (in which it is 
frequently enclosed giving beautiful flesh tints) and the red 
orthoclase of late secondary origin. 

When we come to discuss what produced this change we have 
the following facts to guide us. 

The loss of silica is such as to reduce the proportion thereof 
even below that of the ophites (auvergnoses) with which the 
conglomerate is associated. So it is not a mere reaction with 
them tending by means of circulating waters to get an average 
composition. 

The general character of the alteration is not unlike that of 
some of the iron-bearing rocks in which we find chlorite largely 
developed and iron and silica migrating. The depth to which the 
alteration has been traced is over 8,000 feet along the lode on the 
incline. 

The wide distribution of copper in the Keweenawan forma- 
tion must not be overlooked. The average copper content in the 
sludge of a drill hole 775 feet deep in a region not known to con- 
tain any rich copper lode, where the highest assay ran .06 per 
cent. copper, was %o per cent.—one grain to ten pounds. 


*Palache, Geol. Surv. of Mich., Vol. VI., part 2, appendix. 














\ 
the « 
drait 
may 
The 
cross 

N 
erate 
sodit 
then, 
been 


Organi 
Sum, o 


Ana 
Smyth 
Ana 
Co., C 
Ana 
from ( 
Ana 
F, B. 


We 


* Per 
Vol. 3 








tem- 


any 
; re- 

04) 

. un- 

peci- 
eems 
1 the 
lange 
ment 
lL out, 
» lime 
orary 
alcite, 
- than 
h it is 
e red 


2 have 


hereof 
ch the 
a with 
verage 


hat of 
largely 
‘ich the 
on the 


forma- 
t in the 
to con- 
06 per 














DISCUSSION. 165 


MINE WATERS. 


We have also to consider the mine water of the greater depths, 
the quarry moisture. This is very limited in quantity and soon 
drains off. Heath’s analyses from the Calumet and Hecla mine 
may perhaps include also some water working down the shaft. 
The Tamarack water from the Osceola amygdaloid seam in a 
cross cut certainly does not contain surface water. 

Now a glance will show that the Calumet and Hecla conglom- 
erate waters have a very much larger part of the total solids 
sodium than do the waters from amygdaloids. We are at liberty 
then, so far’as these analyses go, to suppose that the sodium has 
been extracted and largely retained by the mine water. 


MINE WaTER ANALYSES.’ 





I 2 3 4 
15.9 1.25 47.166 6. 300 
7.8 1.74 8.278 2.731 
.04 .022 tr. .013 
39.6 3.263 97.963 15.229 
14 .039 .226 .072 
? -149 Xe) 
06 .003 
II 
10 
.003 
003 tr 
.O14 
0 
+039 .837 
RRETMIIC 500% ek scscctece N.Hy, .830 
tm, OF LOI... 6.5se, 63.75 6.52 157.411 24.34 


Analysis 1. Calumet & Hecla, 3,000 feet down, from Professor H. L. 
Smyth, R. O. Forsyth, analyst. 

Analysis 2. Calumet & Hecla, bottom of Whiting shaft, C. & H. Mining 
Co., G. L. Heath, analyst. 

Analysis 3. Tamarack Mining Co., 4,300 feet down, 29th level, cross cut 
from Osceola amygdaloid, A. C. L. Coll., analyst F. B. Wilson. 

Analysis 4. Wolverine Mine cross cut at 17th level, A. C. L. Coll., analyst 
F. B. Wilson. 


We notice the very large amount of calcium chloride, the very 


*Per thousand. See also paper in Proc. Lake Superior Mining Institute, 
Vol. XIII., written after this. 
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small amount of magnesium chloride in the mine water, and we 
are reminded of a fact emphasized by T. Sterry Hunt* in de- 
scribing certain mineral waters, to wit: that from a solution of 
magnesium chlorides, calcium silicate will precipitate magnesium 
silicate completely, thus: 


3MgCl, + 3CaSiO, + 2H,O= 
2H,O, 3MgO, 2SiO, + 3CaCl, + SiO,,. 


This will account for the scarcity of magnesium in the mine 
waters, and for part of the magnesium silicate found in the peb- 
bles, that of a serpentine nature. 

But in order to account for the aluminous magnesian silicate 
we shall -have to call in another chemical reaction, quite chem- 
ically reasonable, by which the magnesian chloride reacts on the 
sodium aluminum silicates. Using water glass Na,O4SiO, is 
one of the convenient ways of softening water containing calcium 
magnesium chlorides. If sodium silicaté is thus used there will 
be left aluminum silicate to be provided for, which, if there is 
magnesium in the base, will go with it and water to make up 
chlorite. 

There is but little iron in the mine waters and so the role of 
the iron in all this may be conceived as replacing the magnesia. 
3ut there is the additional possibility of its change to ferric con- 
dition. In order to do this, however, it must borrow an acid 
molecule somewhere. If together with the calcium, magnesium 
and ferrous chloride, there were also a trace of copper and silver 
chloride they would be readily reduced. Along this line success- 
ful experiments have been made for me by Dr. G. Fernekes. 
The reactions are :? 

(1) 2FeCl, + 2CuCl, = 2CuCl + 2FeCl,. 
(2) 2FeCl, + 2CuCl= 2Cu + 2FeCl,. 
(3) FeCl, + 2H,O=—Fe(OH,)C1+ 2HCl (at high tempera- 


tures and dilute). 


But the HCl of the reactions will immediately redissolve the cop- 


*“ Chemical and Geological Essays,” 1878, p. 122. 
* Economic Geotocy, Vol. IT., 1907, p. 580. 
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per if not disposed of, but if (so as to keep the liquor neutral) 
it is given opportunity to attach calcium or sodium carbonates or 
silicates copper is precipitated. Wallastonite CaO, SiO, and 
prehnite H,O, CaO;, Al,O;3Si0, were also successfully used. 
A sealed glass tube at a temperature of 200° to 280° C. was used. 

A few other points may be noted. The rarity of sulphates in 
the brine is matched by its rarity in the mine, though gypsum and 
barite (celestite?) do rarely occur in nice crystals. The small 
amount of carbonate in the brine is not surprising when calcium 
chloride is so prominent, as it would be precipitated if in any 
quantity. Its abundance and its occurrence in large and beautiful 
crystals shows however that it did form at the same time 
as the copper but very slowly. As R. T. Chamberlin has 
shown, the traps contain CO, which, as they decompose in the 
presence of CaCl,, must throw down lime. We are inclined 
then to think that this alteration of the Calumet pebbles is due to 
the action of the saline waters with which it is charged. This 
alteration spares the phenocrysts of feldspar and quartz until the 
last. In this respect it may be likened to the actions of present- 
day sea water. As Goodchild says in regard to alterations in 
Scotland 33 

“On exposure of such a rock to the ordinary subaérial denuda- 
tion the chemical changes set up by the action of the humus acids 
and carbonic acid dissolved in surface waters usually result in the 
earlier decomposition of the feldspar and the-destruction of the 
ferromagnesian silicates at a later stage. In a basalt or an ande- 
site, therefore, which has been exposed to these influences, the 
feldspars are usually the first to decompose. . . . But where an 
andesite or a basalt is exposed to the action of the sea water the 
ferro-magnesian constituents are usually the earlier to decom- 
pose and, as a consequence, it often happens that the anorthic 
feldspars are left standing out in relief.” 


*“On Some Pseudomorphs After a Lime Soda Feldspar,” by J. G. Good- 
child, Trans. Edinborough Geological Society, 1903, Volume VIII., Part 2, 
p. 263. 
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DIRECTION OF IONIC CIRCULATION. 


In the process of decomposition of these boulders as thus 
described the question will at once arise in the mind of anyone 
familiar with the recent discussions on ore deposition what was 
the direction of circulation of the ore-depositing waters? 

It may be said to begin with, that there is no absolute necessity 
of supposing a circulation of the water in a body,—it will be 
enough to suppose minute masses (ions) of the different sub- 
stances circulating in the water just as in Fernekes’ and in 
Stokes’ experiments there was a gathering of certain substances 
at one end of the tube. We may, to fix our ideas, remember that 
the main chute of the Calumet and Hecla tends to the north and 
downward. See Fig. 28, page 172. Suppose, then, that the 
chlorine and H —O are drawn, as in electrolytic action, to the 
+ pole, 7. e.; northward and downward. They can then do their 
work as above outlined without any circulation of the water mass 
as a whole. 

In the same way we may consider the center of the pebble as 
the positive pole, which is being hydrated, and this electrolytic 
way of looking at the matter has a strong justification in the fact 
that calcium chloride and bitterns have been used as battery fluids. 

Then the general tendency of arrangement will be for the 


stronger acids to work towards the + direction, while the 
stronger alkalies will work in the — direction toward the nega- 


tive pole. The strong alkali and the weakest acid, sodium and 
silicate go out, potassium and calcium are less strong alkalies, 
magnesium and iron are much less so and would replace them, 
and the hydrous magnesian silicates being very insoluble, the 
magnesium would be drawn in indefinitely, yet the amount of it 
in solution at any one time kept down to a very low figure. The 
iron, copper, and last of all silver, being even weaker in their 
affinities or alkalinity than magnesium, would come trailing after 
it, the latter two not being able to retain near the positive pole 
any acid to keep them company, that is, to be precipitated with 
them. 
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EXPERIMENTS ON CHLORINE DIGESTION. 


Foster and Whitney’ also digested an ophite, “‘ the greenstone,” 
with HCl (1.13 sp. gr.) at a temperature near boiling and re- 
moved 21.17 per cent., leaving 78.83 silica and insoluble. 

The results were: 


1. Total. 2. Soluble 21.17 Per Cent. 3- Insoluble. 
Silica (by diff. )............. 50.20 diff. 64.58 
UHIDING, <0<.css0scevevten ees 15.43 30.95 11.67 
gran (as BOO)... <0 sciacere. 13.69 32.47 9.18 
PASI DOBIA 5354 sc0esecesssssenes 8.62 15.98 6.86 
TIS s Cr cshsracsocaesheeceeers 5.47 9.36 4.57 
POGUM 5 socks osnsasdesnccesnvess 4.75 11.26 3.14 
IMEEN cox coukivesecevasuetewcs 1.74 
WDM cs vccse views cantecsneueiee tr tr. 
EE RRS grees series ere 100,04 100.00 


The analysis cannot be regarded as accurate. It is too old.? 
The method of determining silica is obviously only rough and it 
is probably from two to four per cent. too high, and includes the 
titanium. Nevertheless it seems to show how much more the 
sodium is attacked than the lime, and to remind us that the 
alumina is really quite soluble, and if it has not been removed it 
is simply because it is precipitated in the chlorite. 

A solution like the mine waters already rich in lime could, of 
course, dissolve little lime. Still, the removal of sodium without 
any apparent loss of lime seems strange, so it may be worth while 
to note that I obtained from C. K. Leith a little of a diorite 
whose analysis is given by Washington.’ 

It was treated as follows: Mr. Clark, of the M. A. C., digested 
one gram of it crushed so as to go through a 100-mesh sieve for 
30 hours with one liter of HCI containing a 2.07 per cent. HCl 
solution. There went into solution the figures given in column 2. 
After digestion of two grams in two liters for a week there went 
into solution .16 grams (.8 grams per liter) ; at red heat .094 
grams (.47 per liter) from 400 c.c. 

*“ Geology of Lake Superior Land District,” Vol. IL. p. 88. 


7 An analysis of exactly the same flow will be found in the Journal of 
Geology, Vol. XVI., p. 772. 
*H. S. Washington, U. S. G. S., Prof. Paper 14, p. 266. 





170 DISCUSSION. 


We need therefore not be surprised if a calcium chloride solu- 
tion removes the sodium much more than the lime. That mag- 
nesium is precipitated and accumulated in the pebble depends 
upon the reaction cited by Hunt above, and the greater ease with 
which it forms relatively insoluble hydrous silicates. The re- 
placement of the hydrous magnesium silicate by copper is the only 
thing that has not been left clear both experimentally and theo- 
retically. To be sure a slight solubility of chlorite in chlorine, 


| Diorite. 30-hour Extract. One Week Extract. 
I 2 3 
ORS Sea Perens heir tee 58.51 
POND arc cusVesuanwosees favsveanessaeet ess 16.32 | 
RUSIOn seniserasccpberktonsseate’ ss iveses } 2.11 8.25 
BO Batch ce uisscvssacskaravisccsyeese | 4.43 
REED scot cutwcusen weatseteinessenavans 3:73 re 
SIMD ae iu scevinaseoe ssuen Wovensyescannes | 3.92 oo N. B. 
1) ORSESS ayaa tesa eres 3.11 4.3 
ESIND esovesovcewchssevavusseve staphuens 4.08 1.2 
RROD canes susnavesscesl vesbes put nesss cea 2.00 
BLM arrests ccettesunseses ses ssres esses 0.23 
LOR 2 6 SS ere oor. 0.70 
MD oat sot when dub nea scaciasciensecees fe) 
RRBs basa Usanskpesbie iocstnates! sstin> 0.30 
MMM D ike poctucavecesterosassbebsecsoabee tr. 
MEME Roux anaclavecsseeacs cops eeunes 13.75 per cent. 
OEE MUA BORE. 50s 5000050000500 (oxides?) 23 
RUE EIR sini ssc naxadeees) cence 99.46 (chlorides ?) 40 


and that the chlorites are attacked by sea water are known facts, 
but the tendency of copper to replace the chlorite rather than 
something else, and the conditions under which it does so need 
investigation. The copper probably drives the magnesia and 
ferrous iron ahead of it in the + directon, that is, toward the 
center of the pebble or the direction in which the alteration is 
spreading. The copper chloride would thus set magnesium chlo- 
ride free to be precipitated farther in as magnesium silicate. But 
what becomes of the silica, alumina and ferriciron? We may sup- 
pose that they were carried off to make epidote with the lime of 
calcium chloride. As a matter of fact, epidote is abundant in the 
cement of the conglomerate, but do we find it in any definite 


relation to the pebbles ? 
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DOWNWARD CIRCULATION OF WATER AS A WHOLE. 


While, as I have said, it is not necessary to suppose any gen- 
eral circulation of water, so far as the alteration of the pebbles 
is concerned, and it is useful to consider the alteration in the way 
we have, yet I do not doubt there was some circulation. The 
distribution of the mine waters, fresh for a few hundred feet 
and then rather suddenly saline, with sodium chloride relatively 
more abundant, gradually becoming less in proportion, can very 
naturally be explained by a downward general circulation of the 
water as the rocks became hydrated and the reactions above 
mentioned went on. No doubt, too, in certain cases waters may 
have worked down along the slope and up in cross fissures. If we 
imagine the formation gradually absorbing water like a sponge, 
as the water contained cools and shrinks and the rock is hydrated, 
the deeper waters would have moved less far and acquired less 
sodium, and the shallower waters farther and acquired more. 
From the level of the salt water down there would be a slow 
diminution in richness. The silver, whose chloride is less soluble 
than copper chloride, would be precipitated upon the copper and 
would follow it down, being found more in the upper levels. 
Under any cross seam, fault or clay seam which might interpose 
itself to cut off the downward circulation, the rock would be 
liable to contain relatively more calcium chloride but bear less 
copper. There should then be a tendency to reproduce the 
chutes and troughs of the iron country. 

Now these theoretical conclusions exactly agree with the facts 
as to the Calumet and Hecla chute. The Calumet and Hecla 
and Tamarack mines work a copper chute which trends down- 
ward and northward in a conglomerate. The strike of the con- 
glomerate is N. 39°E.; the dip flattens from 38° to 37°. The 
lower or west side of this chute runs almost due north and is 
very straight. The silver was, as should have been expected, 
richest in the upper levels of the south or Hecla end of the 
mine, and has fallen to 434 oz. per ton in the Tamarack or deepest 
parts of the lode. The lode was rich indeed at the surface, but 
spots in the upper levels were barren. As depth was gained the 
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lode was full as rich in copper and more continuous. Between 
1,600 and 2,400 feet below the surface were perhaps as good 
levels as any. Below this depth there has been a slow decrease 
in the yield, since the Calumet and Hecla was said to run three 
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Fic. 28. Outcrop of the Calumet and Hecla Conglomerate showing position 
of the ore-chute as followed on the dip to the N. W., and relation to barren 
ground etc. 


per cent. to five per cent. copper but is now yielding about two 
per cent., and the Tamarack is not yielding much over one per 
cent. There is, however, no change in the character of the cop- 
per, or replacement by chalcocite. 

The water, fresh at the surface, was in some places salty near 


the ninth level. It was certainly quite briny at 3,000 feet. There 


eee 








ch: 
the 
an 


do 
no 


loc 
ha 
the 
the 
ch 
m 
pl. 


re 
or 
be 








ween 
good 


rease 
three 








34 











esenentemenmienssned 
Osition 
barren 


t two 
le per 
BCOp- 


7 near 
There 





Te — 








DISCUSSION. 173 


is throughout more sodium in proportion to the chlorine than 
customary in waters of the same percentage of salts. 

The position of the Calumet and Hecla outcrop, on a flat sum- 
mit of land with a: distinct drop (the “Allouez Gap”) to the 
north, and a slope off to the southwest also, is such as to favor 
downward circulation. The trend of the chute is toward the 
Allouez Gap and there may have been an inverted siphon circula- 
tion in that direction, but one does not have to suppose so. With 
depth the conglomerate seems to grow coarser and darker, and 
on the whole thicker, which would of course make a greater 
volume of water by its contraction to draw in the fresher water 
from the surface. The copper often occurs also in the foot and 
hanging beds, and rather tends to accumulate on the sides of the 
lode as though thrown down by a reaction of the downward 
working waters with the connate waters lagging in the less 
pervious rocks on either side. 

A short distance south, also, the Calumet conglomerate has 
changed its character. The pebbles are largely amygdaloidal and 
there is no copper to speak of. The north end of the Calumet 
and Hecla and the next property north, the Centennial, though 
it found spots of very rich rock, found no valuable deposits even 
down to 3,200 feet on the lode. The formation is thrown every 
now and then by faults or incipient faults (sharp lateral bends). 
One of these passes near Tamarack No. 1 shaft and displaces the 
lodge to the northwest some ten feet. These trend northward and 
have something to do with guiding the chutes. It would seem, 
therefore, that the copper had accumulated most abundantly on 
the lower or west side or trough of this northward trending 
chute. The above sketch, Fig. 28, adapted from R. M. Edwards’ 
map and the Michigan College of Mines catalogue will help ex- 
plain the situation. Atrrep C. LANE. 


ORE SHOOTS IN NEVADA. 


Sir: Your favor of the sixteenth of October received on my 
return to the city. In regard to the localization of ore bodies 
or of richer shoots within lower grade shoots, my experience has 
been that a fissure or system of fissures is extremely often the 
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controlling factor, although such fissure itself may be absolutely 
barren. 

The controlling fissures may extend through the center of the 
ore body or bound one or more of its limits. 

A recent examination in Nevada illustrates this to an extreme 
degree. A horizontal bed of limestone is the locus of the ore 
deposition. The ore shoot extended some 400 feet in length, 
ten to twenty feet in width and about two feet thick of high- 
grade copper carbonates. 

This peculiar chimney-like shape was clearly controlled by an 
insignificant fissure as per sketch herewith, barren both above 











FISSURE 


@ 


Fic. 29. 1= Plan of ore-body. 2= Longitudinal section of ore-body. 3= 
Cross-section of ore-body. 


and below the ore body. Another peculiarity was the fact that 
the ore body lay at a quite uniform distance of ten feet below 
the surface, so that a change in the topography caused it to run 
out into the air at each end. Longitudinal section, cross-section 
and plan of this ore-body are shown in the accompanying 
sketch, Fig. 29. 

The ore shoots in Senator W. A. Clark’s mine at Ophir, Utah, 
are similarly regulated as to form by barren intersecting fissures. 

Epwin E. Crass. 
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DISCUSSION. 


LEAD AND ZINC MINING IN THE CENTRAL 
STATES IN 1907 


DISCUSSION OF U, S, GEOLOGICAL SURVEY PAPER BY L. C. GRATON 
AND C. E, SIEBENTHAL, 

Sir:—My attention has been called to a recent publication by 
the United States Geological Survey on “The Production of 
Silver, Copper, Lead and Zine in the Central States in 1907,” 
by L. C. Graton and C. E. Siebenthal. My familiarity with the 
central and southeast Missouri lead and zinc mining districts 
may justify me in commenting on some of the statements made 
by Mr. Siebenthal in this bulletin. 

In the first instance, Mr. Siebenthal refers to the central and 


‘ 


southeast Missouri ore deposits as reaching ‘‘in a more or less 
connected belt from the region of Morgan, Moniteau, Cole and 
Miller Counties on the northwest to the northern and eastern 
flanks of the St. Francois Mountains on the southeast.””  -Although 
I do not think the author so intended it, one might infer from 
this that the formation in which the St. Francois County ores 
occur persists uninterruptedly to the northwest as far as Morgan, 
Moniteau, Miller and Cole Counties, and that the ores occur more 
or less continuously over the entire intervening territory. As 
a matter of fact, the disseminated lead ore, such as occurs in 
St. Francois County, is restricted, as far as known, to a very 
limited area and occurs chiefly in a single formation known as 
the Bonne Terre. This formation is about 1,000 feet beneath the 
formation in which the lead and zine ores occur in Moniteau and 
the neighboring counties. Between Morgan and St. Francois 
counties the lead and zine deposits occur in formations lying at 
intermediate horizons and none of the ores from these forma- 
tions in any way resemble those now being mined from the 
3onne Terre formation of St. Francois County. 

Neither does the ore in the northwestern part of this so- 
called “belt ’’ resemble even in its essential features the ore of 
the Joplin district. The ore in the central part of the state 
is in the Cambrian, while the Joplin ore is in the Carboniferous; 
the former occurs in a dolomite formation while the latter is 
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in a limestone formation; the former occurs mainly in veins while 
the latter is chiefly in breccias. The black and blue flint and 
spar so characteristic of the Joplin ore do not occur with the 
ores of the Central district, and the barite which often occurs 
with the ores of the Central district is not found with the Joplin 
ores. The only resemblance is between the lead and zinc min- 
erals, which are galena, sphalerite, calamene and smithsonite. 

The ore mined in St. Francois County is chiefly in a dissem- 
inated form, only to a subordinate degree does it occur in joints 
and crevices, as stated in the bulletin above referred to. 

These statements would not impress me so forcibly were it 
not for the fact that some of the mining companies, so-called, 
owning property in these central Missouri counties, have sought 
to secure money based on statements similar to these, from which 
the public might infer that the profitable deposits of dissem- 
inated lead ore continue over the belt referred to by Mr. Sieben- 
thal. During the time I was state geologist, many of these 
erroneous impressions were corrected, and I regret to see any- 
thing published under authority of the U. S. Geological Survey 
which may be used in similar undertakings to mislead the public. 
I do not mean by this that these deposits of lead and zinc are not 
valuable. Some of them are, and unknown deposits of value 
are likely to be found in the future. But they must stand by 
themselves, regardless of their geographical position with re- 
spect to the ore bodies of the Joplin and Disseminated districts. 

The author states that shafts are now being sunk in St. Fran- 
cois County to a depth of 700 feet. This is a mistake. I know 
of no operating or prospective shaft that is over 530 feet deep. 
The statements made relative to the number of shafts operated by 
the several companies in the Disseminated Lead district should 
be modified to better conform to the facts. For example, the 
Federal Lead Company operates seven mines, all through five 
shafts. They have never operated more than seven mines and 
not more than seven shafts have ever been used for hoisting ore. 
The Desloge Consolidated Lead Company operated only three 
shafts in 1907. The No. 5 shaft referred to was abandoned 
about a year ago, the ore body being reached by shaft No. 6. 
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The St. Louis Smelting and Refining Company has only four 
operating shafts. There are five shafts on the property, but 
one of them is an air shaft, having never been used by the 
present company for hoisting ore. 

The output of lead ore from St. Francois County comes from 
three centers of mining activity, namely Bonne Terre, Flat River 
and Leadwood; not from two centers, as stated in the report 
above referred to. The St. Joseph Lead Company’s mines are 
not all at Bonne Terre. Four of their steady producers are near 
Leadwood, while another is near Flat River. 

I should also like to call attention to the use of the terms 
region, district, areas, etc. The author refers to the ‘‘ South- 
west Missouri area,” the “ Joplin region,” the “ Joplin district,” 
etc., confusing a pretty well established usage of these terms. 
In this state we are accustomed to speak of the ‘‘ Ozark Region,” 
the “ Southwest Missouri District,” the ‘‘ Stotts City Area,” etc., 
and I believe that the U. S. Geological Survey formerly adhered 
pretty closely to this usage. Would it not be good judgment to 
have it continued ? 

E. R. Bucktey. 


REVIEWS 





The Geology and Ore Deposits of the Coeur d’Alene District, Idaho. 
By F. L. Ransome and F. C. Carxins. Professional Paper U. S. 
Geological Survey, No. 62, 1908. 

The volume, of which this short article is a review, is divided into 
three parts: (1) A general introduction by Dr. Ransome containing a 
sketch of the geology of the region; (2) a section on the general 
geology of the district by Mr. Calkins; and (3) a part devoted to the 
ore deposits by the senior author. The last contains a very excellent 
summary of the historical events attendant upon the development of the 
mining industry of the Coeur d’ Alene district of northern Idaho. 

This is probably one of the most picturesque and interesting mining 
camps in the United States. It is the richest and the largest producer 
of lead-silver ore on the continent, as well as a producer of gold, copper 
and zinc. The production of gold is chiefly a matter of history, while 
the zinc and copper ores have only recently been exploited. The 
exploitation of the deposits of placer gold was begun in 1884, being 
followed in 1885 and 1886 by the discovery of some of the more im- 
portant lead-silver mines now operating in the district. 

With the exception of certain unconsolidated deposits belonging to 
the Tertiary and Quaternary, the sedimentary formations are all of 
pre-Cambrian age. The 17,200 feet of sedimentary rocks, belonging to 
the Algonkian, are devoid of fossils, and the separation of this great 
thickness of. sediments into formations is based upon lithologic character- 
istics. The thickness of the formations, none of which measure less than 
1,000 feet, is commensurate with the magnitude of the mountain ranges 
of which they constitute a part. 

The local representatives of the Belt Group, to which the Algonkian 
formations of this district belong, are described in as great detail as the 
limited number of complete sections would apparently admit. Two cal- 
careous horizons serve as datum planes for broad correlation. An 
abundance of sun cracks, ripple marks, etc., in the associated shales and 
quartzites give evidence that the sediments comprising these formations 
were laid down in a gradually subsiding, shallow sea. 

Some difficulty has evidently been experienced in determining the 
limitations, ‘vertically, of the several formations on account of the ab- 
sence of unconformities and the presence of a considerable thickness 
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REVIEWS. 179 
of transitional beds that might belong to either of two adjacent forma- 
tions. 

The junior author describes briefly the igneous rocks, presenting evi- 
dence that they are intrusive with respect to the sedimentary series. It is 
interesting to note that the dikes which represent the latest period of 
igneous activity occupy fissures which are parallel to some of the major 
faults. In two instances, at least, the dikes are younger than the ore 
bodies. 

The rocks of the district have been complexly deformed by folding, 
faulting and cleavage, which the authors believe to be, in some degree, at 
least, contemporaneous. The folds are, as a rule, unsymmetrical and fre- 
quently complex. The dips are usually high, the beds being in places 
overturned. The faults are both normal and reverse, the former pre- 
dominating. Steep dips predominate. The only faults indicated on the 
map are those having throws of hundreds or thousands of feet, the 
conditions not admitting of the location of multitudes of small faults 
which doubtless exist. The faults lie mainly in the northwest and 
southeast quadrants. Many of the important ore bodies are associated 
with the north-northwest fault system. 

The junior author points out the inappropriateness of calling the dislo- 
cations with steep dips and little associated crushing, reverse faults, 
although they come under the usual definition of such faulting. One 
of the best defined faults has been observed over a distance of eighteen 
miles and has a displacement of over 6,000 feet. 

The cleavage is almost parallel to the faulting and the dip, as a 
rule, is steeper than that of the bedding. The fact that slaty cleavage 
instead of close folding resulted from the great pressures is referred to 
as evidence that the rocks underwent deformation under a great load 
of later strata, since removed. 

The district has been divided into seven structural areas, based upon 
the zones of deformation, as a convenient method of discussion. 

A short summary of the production of the district; a brief review 
of the methods of mining and milling; and a statement of the general 
character and distribution of the ore bodies, are included in the opening 
chapter on “Ore Deposits.” Following these is a detailed description 
of the minerals occurring in the ore bodies and the localities at which 
they occur, 

It is pointed out that the ore bodies thus far discovered lie mainly in 
the adjacent Burke and Revett formations. These are “ composed prin- 
cipally of fine grained, more or less sericitic quartzites.” The fine 
grained sericitic type, in which the quartz grains are not closely inter- 
locking and are separated by considerable interstitial material, is most 
favorable to the formation of large bodies of lead-silver ore. 

The upper portions of the ore bodies contain cerusite and native 
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silver, while those portions below the zone of oxidation contain a fine 
to medium grained massive argentiferous galena. Associated with the 
galena are pyrite, pyrrhotite, chalcopyrite and sphalerite. 

It is pointed out that the structurally important faults are not ore 
bearing. The ore bodies occur in fissure zones, the displacement of 
which is not measurable, there being, as a rule, no observable difference 
in the rock on either side of the fissure. In general the ore bodies and 
accompanying fissure have a remarkable general agreement in trend, as 
shown in the sketch on page 116 of the report. 

There is evidence of movement along some of the fissures associated 
with the ore bodies, but the amount and direction are not determinable. 
In most instances the lodes are accompanied by a gouge of clay several 
inches in thickness. In some of the mines this seam of clay is per- 
sistent, while in others it is discontinuous. As a rule the quartzite is 
schistose and frequently within the ore body it is brecciated. 

Some of’ the ore bodies end rather’ abruptly against cross fissures 
which are in some cases faults. The senior author found considerable 
difficulty in determining whether these fissures are younger or older 
than the ore bodies. He points out very pertinently that a “fault may 
be later than the ore and yet contain no visible crushed or dragged ore, 
or it may have priginally antedated the ore and yet in consequence of 
vigorous later movement, exhibit every appearance of being a post- 
depositional fault, although of course there is no continuation of the 
lode beyond it.” It is further observed that, “A gouge-filled fissure 
appears to be distinctly unfavorable to ore deposition, probably in part 
because the gouge chokes the fissure and prevents the access of mineral- 
bearing solutions and in part because the movement along such a fissure 
is so nearly continuous as to give no chance for the deliberate and un- 
disturbed chemical action, which seems requisite for the formation of 
large, clean bodies of ore.” 

It is pointed out that the depths of the productive lodes are in nearly 
all cases less than the known horizontal extent of the lodes. The 
Bunker Hill fissure, for example, is productive along a length of nearly 
a mile, while the extreme vertical range of development has not exceeded 
1,700 feet. 

The pay shoots range in width from three to forty feet in the Canyon 
Creek and Mullen groups. The Frisco shoot has an average breadth 
of 600 feet. 

The only shoots that have the appearance of having been worked 
almost to the bottom of the ore occur in the Helena-Frisco mine, where 
there is some suggested diminution in size and value of the ore body 
in the deeper levels. 

The Bunker Hill and Sullivan ore zone is about 300 feet wide, the 
ore bodies occuring within this width of shattered quartzite. 











cy 
lead 
of s 
irre: 
lead 
and 
the 
that 
Mat 
quai 
Ir 
succ 
illus 
lode 
thar 
cuts 
A 
fou 
istic 
as 1 
1 
T 
bod 
feet 
sine 
Fed 
a 
qua 
mal 
this 
mir 
7 
the 
fall 
I 
ver 
at 
gal 
par 
atti 
sist 
] 
oth 
has 





a fine 
th the 


ot ore 
ent of 
erence 
es and 
nd, as 


ciated 
inable. 
everal 
S per- 
zite is 


issures 
lerable 

older 
lt may 
2d ore, 
nce of 
| post- 
of the 
fissure 
n part 
ineral- 
fissure 
nd un- 
ion of 


nearly 

The 
nearly 
ceeded 


“anyon 
yreadth 


worked 
where 
e body 


de, the 














REVIEWS. | 181 


The senior author distinguishes two kinds of internal structure in the 
lead-silver deposits of this district; one ‘an obscurely bounded mass 
of shattered quartzite, largely altered to siderite and enclosing numerous 
irregular bunches of galena of all sizes up to masses of nearly pure 
lead sulphide several feet in diameter,” the second “a rather irregular 
and in many places indistinct banding of the ore parallel to the lodes of 
the wall.” “The ratio between the ore that has filled fissures and ore 
that has replaced quartzite varies in different lodes.” In the Standard- 
Mammoth lode one of the noticeable features is a crossbarring with 
quartz which is clearly “ younger than the mass of the ore.” 

In many places an individual streak of ore “may pinch out and be 
succeeded by another streak in an adjacent fissure or shear plane” as 
illustrated in the Gold Hunter and Tiger-Poorman mines. The Hecla 
lode is intimately associated with a dark basic dike which is younger 
than the ore and not noticeably metamorphosed. Here and there it 
cuts obliquely across the ore from side to side. 

Although the various lodes discovered have in some instances been 
found to outcrop at the surface, there is nothing distinctive or character- 
istic in such outcrops. The zones of ore-bearing quartzite occur neither 
as ridges nor in the form of depressions. 

The ore bodies as a whole show a vertical range of 4,000 feet. 

The senior author expresses his opinion that the Coeur d’Alene ore 
bodies are likely to become poorer at depths ranging from 1,000 to 2,000 
feet below the grade of the South Fork of the Coeur d’Alene—an opinion 
since borne out by the abandonment of the Tiger-Poorman mine of the 
Federal Mining and Smelting Company. 

The occurrence of water in the mines is discussed and estimates of the 
quantity pumped from the various mines are given. The Tiger-Poor- 
man raises from 550 to 1,000 gallons per minute from the 1,950-foot shaft 
this being the greatest quantity of water raised from any of the 
mines. 

The author concludes that “it is extremely doubtful whether any of 
the mines have yet tapped underground water which did not originally 
fall upon the Coeur d’Alene Mountains as rain or snow.” 

It is pointed out that the lower limit of the zone of oxidation is 
very irregular. In the Last Chance mine cerusite and limonite are found 
at least 700 feet below the outcrop, while in the Bunker Hill mine 
galena was found at the surface. The observation is made that those 
parts of the ore containing sphalerite and pyrite are the first to be 
attacked by oxidation, the solid masses of galena proving more re- 
sistant to atmospheric agencies. 

In some of the ore shoots oxidation is complete at the surface, but in 
others it is only partial. The sum total of oxidation of the ore body 
has been to render it more porous, the expansion resulting from the 
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alteration of galena to cerusite being more than balanced by the 
contraction resulting from the alteration of siderite and pyrite to 
limonite. 

There is no evidence that the galena was not altered directly to 
cerusite although in other districts it appears that the galena is almost 
invariably altered to the sulphate and this to the carbonate. The oxida- 
tion of the argentiferous galena results in the production of native 
silver and cerusite. 

The authors believe that the schistosity, faulting and fissuring were 
genetically related to the batholithic intrusions of monzonite, although 
it is supposed that the movements may have been in a measure con- 
tinuous up to the present. That some of the fissuring was later than 
the formation of the ore bodies, is shown by the dikes cutting across 
the Hecla and Helena-Frisco lodes. The major faulting is believed to 
have played an important part in the initiation of conditions favorable 
to ore deposition. : 

Concerning the source of the ores the senior author believes them 
to have been introduced by ascending, hot solutions arising from the 
underlying monzonite masses under high pressure. In support of this 
conclusion he points out: (1) The great vertical range of the ore 
bodies (4,000 feet); (2) the shape of such pay shoots as the Helena- 
Frisco; (3) the lack of any dependence of deposition on the details 
of the present topography; (4) the absence of irregular or crevice 
deposits not connected directly with persistent fissures; (5) and the min- 
eralogical character of the ores. 

He says: “It is generally agreed at the present day that ores of the 
type found in the Granite mine have been deposited by solutions at high 
temperature and under heavy pressure. In fact, the conditions are 
believed to be such that it is doubtful to what extent the depositing 
agent was an aqueous solution and to what extent a mixture of gases 
above their critical temperatures. That the hot solutions emanated 
from the underlying monzonite magma appears to be beyond reasonable 
doubt.” He further says: “The solutions or gases first effected the 
metamorphism of the contact zone and deposited the ores rich in 
sphalerite and pyrrhotite associated with garnet and biotite. As 
the solutions penetrated farther through the fissured sediments they 
deposited the sideritic galena ores comparatively free from sphalerite 
and pyrrhotite.” 

The author concludes from his examination of the ore bodies that 
the solutions from which they were deposited must have contained the 
following constituents: “ Water or steam, carbon dioxide, ferrous car- 
bonate, sulphides of lead, zinc, iron, silver and copper. Carbonates of 
the alkalies and alkaline earths were probably also present and possibly 
hydrogen sulphide. Silica cannot have been an abundant constituent.” 
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It is evident that the replacement of quartz by siderite was direct. “ As 
the ferrous carbonate was deposited from solutions poor in silica, the 
silica replaced was dissolved. Finally this dissolved silica appears to 
have been deposited in such neighboring open fissures as were available.” 

Writing of the Bunker Hill Fissure and of the influence of its gouge 
upon ore deposition, the senior author states that: “The contrast 
between the abundance of ore in the hanging wall and the absence 
of mineralization in the foot wall is one of the most remarkable 
features of the district. In what manner the ore-bearing solutions 
were originally conducted to the hanging wall side of the fissure rather 
than to the foot-wall is not entirely clear. It is probable, however, 
that at some considerable depth they were able to pass freely across 
the fissure where the gouge was not continuous.” 

The author believes that most of the mines have not yet reached 
in depth nearly their limit of productiveness. It is believed that new 
discoveries may yet be made. It is predicted that the output of zinc 
will increase, but that the district will not attain prominence as a source 
of copper. 

The’ chapter on the genesis of the lead-silver deposits is followed by 
detailed descriptions of the gold deposits and mines. The copper 
deposits are described, particular reference being made to the Snow- 
storm mine, the only property which has been successfully developed up 
to date. 

Chapters VII. to XI. inclusive, are devoted to detailed descriptions 
of the lead-silver mines. The location, history, production, under- 
ground workings, geological relations, form and distribution of the ore 
bodies, and the character of the ore are all discussed in a concise, yet 
comprehensive manner. The descriptions throughout are accompanied 
with well-selected illustrations. 


Comments. 


One so little acquainted as I with the Coeur d’Alene district can not 
comment satisfactorily upon the facts presented in this report. There 
is every reason to believe that the observations have been made with 
the same painstaking care which has characterized the previous investi- 
gations of the senior author. The conclusions based upon these observa- 
tions may furnish a basis for opinions which differ somewhat radically, 
although I am aware of the greater weight that should be attached to 
the conclusions reached by the investigator, since there is a multitude 
of conditions and circumstances, not mentioned in the report, which 
have added weight to these conclusions. Conditions recurring time and 
again, yet unrecorded, wield a subtle influence in moulding our opinions. 
The reviewer must take the facts as presented, and from these - pass 
judgment as to whether or not the conclusions of the author are well 
founded. 
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The isolation of the district from other areas for which the stratig- 
raphy has been worked, has rendered the correlation of the success- 
sion more or less uncertain. However the manner in which this sub- 
ject is handled is refreshing from its contrast with other reports in 
which no attempt is made to harmonize the succession with those of 
areas upon which reports have been previously published. The identi- 
fication of the formations in different parts of the area has been made 
in certain instances, upon physical characteristics such as color, which 
for its reliability must depend upon an assumption that the formations 
do not change from one part of the district to another. In referring to 
the Burke formation, for example, the junior author says, “Two 
younger formations, the St. Regis and the Striped Peak, are very 
similar lithologically but both of these are characterized by brighter 
tints of purple and green than are found in the Burke, and there is 
little danger of confusing them with it even where the structural re- 
lations are not clear.” One would infer from this that the author has 
depended mainly upon the intensity of the purple and green colors as 
a means for identification of the formations. 

Considering the conditions present in this area and the difficulties 
attendant upon mapping sedimentary rocks formed under shallow water 
conditions, I believe that the work has been done conservatively and 
that the mapping must be, in general, reliable. 

The report is well illustrated, the views being well selected. Per- 
haps the most attractive among the illustrations are the photomicro- 
graphs showing the replacement of quartzite by siderite, the relation of 
the ores to the contact metamorphism and the character of the ores 
and rocks. The study of the replacement of quartzite by siderite, by 
the senior author, is both interesting and instructive. 

I have not been able to reconcile the simultaneous production of slaty 
cleavage, major faulting and brecciation as resulting from the same 
conditions at the same time. It would seem more plausible to me 
to suppose that these structures were produced at two different times; 
the faulting and brecciation after the removal of a considerable 
thickness of sediments, the cleavage prior to. 

Likewise I can hardly reconcile the introduction of such solutions as 
are supposed to have brought in the argentiferous galena and siderite, 
with those that introduced the siliceous auriferous ores. It does not 
seem at all reasonable to suppose that the solutions from which siderite 
was deposited and by which silica was taken into solution, could retain in 
solution this silica sufficiently long to allow cracks to form in the 
ore body and redeposit the silica. The water containing the dissolved 
silica was probably moving and if so, jt undoubtedly carried the silica 
away. The quartz which “appears to have been crystallized almost 
free from sulphides in stringers cutting the ore or traversing the country 
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rock near the ore bodies,’ one would be inclined to attribute to a much 
later period than the ore. 

The lead-silver ores of this district are distributed mainly through a 
thickness of 3,200 feet of sediments. In contrast with this, the lead 
from an almost equally productive district in the Mississippi Valley is 
obtained mainly from a single formation having a thickness of less 
than 500 feet. 

The fact, however, that the ore bodies of the Coeur d’Alene have a 
vertical range of nearly 4,000 feet is not in itself evidence of ascending 
hot solutions as the source of the minerals, any more than the shallow- 
ness of the ore bodies in the Mississippi Valley would be an argument 
against it in that locality. 

Although there may be something in the shape of pay shoots of such 
mines as the Helena-Frisco, which argues against any other origin than 
by deep-steated hot solutions, I am unable to understand it from the 
descriptions in the report. 

The fact that the ore bodies are situated without regard to the present 
topography argues very little as to their probable origin. The ore 
bodies of the Mississippi Valley are distributed with no regard to the 
present day topography, although in some instances they are apparently 
associated with an ancient topographic surface, evidences of which are 
now almost removed. 

As to the presence or absence of irregular or crevice deposits not 
directly connected with persistent fissures, there is little evidence. The 
authors refer to some smaller lodes not sufficiently rich to pay for 
development. How many of these there may be in the district it 
would be difficult to say, since no attempt has been made to open them 
up sufficiently to show whether or not they are connected with persistent 
fissures. 

Although the ore body at the Granite mine may be the result of 
deposition from solutions at high temperatures and under heavy pres- 
sure, one can hardly conclude from evidence presented in the report 
that a majority of the ore bodies of the district have originated in 
the same manner. Neither would I be willing to concede that this is the 
only way in which the ore body of the Granite mine could have 
originated. 

I do not know that it requires an igneous intrusion to account for the 
formation of the minerals referred to as occurring in this district as a 
result of contact metamorphism. These, as well as the metamorphism 
of the sediments, might have resulted from the forces by which folding 
and fissility were induced. 


The author presents no evidence of an ascending circulation at the 
present time and there is no direct evidence that there ever was such 
a circulation. The only reason evidently for suggesting such a circula- 
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tion is the belief that the secondary minerals, such as garnet and biotite, 
were the product of hot solutions or steam rising from the monzonite 
which is believed to underlie the pre-Cambrian sedimentaries. 

I do not think that the evidence in favor of an ascending hot solution 
theory is so conclusive as to justify the author in ignoring the possibility 
of the ore bodies having been formed through the medium of descending 
waters as a result of progressive denudation of formations at one time 
overlying the Algonkian. It appears to me that enough consideration 
has not been given to the historical geology of the district in relation 
to the formation of the ore bodies. Many of us little appreciate the 
thickness of sediments that may be laid down, elevated above the sea, 
and again completely removed during the inconceivable length of time 
from Algonkian to the present. 

According to the junior author the character of deformation of the 
Algonkian indicates that when this happened the superincumbent strata 
must have had a thickness of over 5,000 feet. It is probable that this 
represents only a fraction of the post-Algonkian sediments which at one 
time or another covered this area.. 

In conclusion the reviewer wishes to state that his own experience 
has been chiefly in a different field and that the results obtained from 
a study of the ores of the Mississippi valley may not apply, without 
modification, to northern Idaho. Nevertheless, his comments are made 
in the hope that such suggestions may tend to the open-minded con- 
sideration of all available hypotheses. 

E. R. Bucktey. 


First Annual Report, Florida State Geological Survey. E. H. SELLarps, 

State Geologist. Pamphlet 114 pages, Tallahassee, 1908. 

This modest-appearing little paper is a most excellent example of 
what good work may be accomplished even where the means are 
limited. If the careful planning of which it is the evident expression 
be continued, the people of Florida may be congratulated not only 
upon the establishment of a State Survey but upon the choice of a 
state geologist. The foundation is evidently being laid for broad work 
along both educational and economic lines. With a new survey the 
natural first step is to take stock of existing information. This is 
what has been done in Florida and in the first report there is a bibliog- 
raphy, supplemented by a discriminating review of previous geological 
investigations in the State. In a very brief but clear paper Mr. Sel- 
lards gives the essentials of the stratigraphy of the State as at present 
understood. This is followed by an account of the mineral industry 
of the State with some suggestions regarding undeveloped resources.. 
The most important source of mineral wealth in the State is the phos- 
phate. Of this fully 12,000,000 tons, with a value of not less than 
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biotite, 
nzonite $48,000,000, have been taken out since the beginning of active mining 
in 1888. At present Florida produces more than half the annual 
solution output of the United States and a little more than one third the 
ssibility ( world’s production. While, as compared with some of our other mineral 
cending i industries that of phosphate is not large when measured in dollars, the 
ne time . agricultural value of the material and its importance in relation to the 
leration future of our soils is of first rank. It is gratifying therefore to see that 
relation Mr. Sellard is fully alive to the need of conserving the material and 
late the | reducing the waste as much as maybe, albeit the difficulties are also 
the sea, recognized. The clays, limestones, cement material, water resources, 
of time if fuller’s earth and other materials occurring in the State are each 
briefly discussed. The importance of peat in a state having no coal is 
| of the evidently recognized and the road materials are separately discussed. 
t strata A very interesting suggestion of the possible presence of sulphur is 
hat this made and a possible source in the oxidation under moist conditions of 
1 at one hydrogen sulphide from decaying vegetation is pointed out. The writer 
is wisely conservative on theoretical questions and indeed the excellent 
perience “balance” of the report is one of its most striking characteristics. 
ed from Additional bulletins will be awaited with much interest and a con- 
without fident anticipation of good results. 
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METALLIFEROUS DEPOSITS. 
ALUMINUM. 


Le gisements de bauxite dans le monde. By M. Laur. Comptes Rendus 
Mens. Nov.—Dec., 1908, pp. 432-461. 

Reviews opinions on formation of bauxite and laterite deposits in 
various parts of the world, and quotes several analyses. His con- 
clusion is that the chief difference between these two minerals is that 
laterite can form on all granitic or eruptive terranes, while geyseritic 
bauxite is limited to sedimentary terranes and can even form a true 
geologic horizon. L. 

Neue ostungarische Bauxitkorper und Bauxitbildung uberhaupt. By R. 
LACHMANN. Zeit. f. prakt. Geol. XVI. Jg., 9 H., 1908, pp. 354-362, 
with one plate and one sketch map. 

Economic importance; topographic position; type of deposit; pros- 
pecting methods; estimate of contents; visible, possible, probable ore; 
mineralogy; analyses; advantages of location. 

Genesis.—Szadecky’s interpretation; metasomatic instead of hydro- 
thermal; independence of tectonic influence; geologic position; struc- 
ture; bauxite and eruption; time of formation; chemical processes; 
derivation of aluminium; general process of formation; metasomatic 
and basaltic bauxite. i. 

GOLD. 

Goldbergbaus in South Mahratta, inbesondere die Goldfelder zee Dhar- 
war in Vorderindien. By E. Reuninc. Zeit. f. Prakt. Geol. XVI, 
1908, pp. 483-487. 

A general description. rE 

Gold Deposits in Central Otago. By J. Park. New Zeal. Mines Rec. 
XIL., 2, pp. 56-64. 

Continuation of article previously noted. This portion describes the 
characters of several lodes. L. 
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The Gold Regions of the Straits of Magellan and Tierra del Fuego. 
By R. A. F. Penrose, Jr. Jour. Geol. XVI., 8, 1908, pp. 683-697. 
Location of the region; geology and topography; discovery and dis- 
tribution of the gold deposits (mostly fluviatile and marine placers; 
few veins); methods of prospecting. Abstracted in Min. and Sci. 
Press, Vol. XCVIII., No. 4, pp. 153-154, 1909. L: 


TRON. 


Das Ganggebiet des ‘‘ Hisenzechner Zuges.’’ By BrrcAssessor REsow. 
Zeit. f. prakt. Geol. XVI. Jg., 8. H., 1908, pp. 305-328, Figs. 53-69. 
I., Orographie und Hydrographie. II., Vorbemerkungen uber die 
Spateisensteingrube, “ Eisenzecher Zug.” III., Geologischer Aufbau 
der Schichten: Petrographisches Verhalten der Schichten, Gliederung 
der Schichten. IV., Tektonik des Ganggebietes. V., Beshreibung 
des Gangzuges. VI., Bildung und Ausfiillung der Gangspalte. VIL, 
Beziehungen der Gangspalte zu den Stérungen. VIII., Einfluss des 
Nebengesteines und der Stérungen auf den Adel der Gangausfiillung. 
Bibliography. L. 
Eisenglanz und seine Verarbeitung im Fichtelgebirge. By A. Scumunr. 
Zeit. f. prakt. Geol. XVI. Jg., 9. H., 1908, pp. 362-369. 

Occurrence and properties of the ore, pp. 362-365. History of 
mining near Fichtelberg, pp. 365-369. L. 
Zur Bildung von Hisenglanz. By H. W6xsiinc. Gliickauf. JG. 45, No. 

I, 1909, pp. I-5. 

Discuss the formation of anhydrous Fe,O, around FeCO,, as 
found in the deposits of the Siegerland. Regards direct oxidation 
in situ as improbable, and favors metasomatic replacement of FeCO, 
by Fe,O,, which separated out from a descending ferric solution. L. 

The Clinton Iron-Ore Deposits of Stone Valley, Huntingdon County, Pa. 
By Ws. Ke ty, Vulcan, Mich. Bull. A. I. M. E. No. 25, Jan., 1909, 
pp. 107-108. A discussion of the paper by J. J. Rutledge. Bi. Mo. 
Bull., No. 24, Nov., 1908, pp. 1057-1087. 

It states that the present extent of ore bodies depends largely upon 
circulating waters. A. 

LEAD AND ZINC. 


Millbrig Sheet of the Lead and Zinc District of Northern Illinois. By 
U. S. Grant and M. J. Purpue. IIl. State Geol. Surv. Bull. No. 8, 
pp. 336-343. A short description of the geology and the ore deposits 
with a few suggestions offered as aids in prospecting. Accompanied 
by a map of district on scale 4 mi.—1 inch with contour intervals of 
10 feet. A. 
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Franklin Furnace (New Jersey) Folio. By A. C. Spencer, H. B. KUm- 
MEL, J. E. Wotrr, R. D. Satispury, and C. Paracue. U. S. G. S. 
Folio No. 161, 1908. 27 folio pages of text, 6 maps, and 2 columnar 
sections. A. 

TIN. 


Einige Bemerkungen iiber die Zinnerzlagerstatten des Heberton-Dis- 
trikts in Queensland. By W. Epiincer. Zeit. f. prakt. Geologie. 
XVI. Jg., 7 u. 8 H:, 1908. 

I. Die primaren Lagerstatten, 7 H., pp. 275-279. A thorough de- 
scription of the lode occurrences. II. Die Zinnseifen, 8 H., pp. 340-343. 
Description of elluvial, alluvial and fossil (“ deep leads”) placers. L. 


NON-METALLIC DEPOSITS. 
BARITE. 


Uber ein bemerkenswertes Vorkommen von Schwerspat auf dem Rosen- 
hofe bei Clausthal. By K. Anprér. Zeit. f. prakt. Geol. XVI. Jg., 
7 H., pp. 280-283, 1908. 

A description of the crystalline structure and occurrence of the 
barite, which is a gangue mineral at Rosenhof. i. 


CEMENT, LIME, ETC. 


Zur Kenntnis der alluvialen Kalklager in den Mooren Preussens, inshe- 
sondere der grossen Moorkalklager bei Daber in Pommern. By H. 
von Wicuporrr. Zeit. f. prakt. Geol. XVI. Jg., 8. H., 1908, pp. 329- 
339, with plate IV. and Figs. 70-71. 

General discussion, pp. 329-331. The remainder deals with the 
several deposits of the district. Includes analyses and lists of fossils. 

iB 

Die Gipse des toskanischen Erzgebirges und ihr Ursprung. By B. Lorrt1. 
Zeit. f. prakt. Geol. XVI. Jg., 9. H., 1908, pp. 370-374. 

Describes stratigraphic position and geologic occurrence of the 
several deposits,.and discusses origin (secondary in limestone) at 
considerable length. L. 

Concrete Materials Produced in the Chicago District. By E. F. Burcu- 

‘arp. Ill. State Geol. Surv. Bull. No. 8, pp. 345-372, 1907. (Re- 
printed from U. S. G. S. Bull. No. 340, with the addition of data on 
tests furnished by the Testing Division of the Bureau of Engraving 
of the City of Chicago.) 


A description of the varieties of material obtainable with tests. A. 
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CEAY: 


The Clays of Arkansas. By J. C. Brauner. U.S. G.S. Bull. No. 351, 
pp. 247, pl. 1, 1908. 

Cites the topography and geology, the various horizons and distribu- 
tion of the clays; also a description of the character, origin, occur- 
rence and use of Arkansas clays, and of the products of each county. 
A valuable table of analyses of various kinds of clay concludes the 
paper. A. 


COAL. 


Zur Frage des Vorkommens von Kohle in der Gegend von Longwy sowie 
im Grossherzogtum Luxemburg und iber die Randausbildung der 
Trias in der Luxemburgischen Bucht. By L. von WeErvVEKE. Mitt. d. 
Geol. Landesanstalt v. Els.-Loth. Bd. VI., H. 2, 1908, pp. 341-360. 
(Abstract in Geol. Zentralb., Bd. 11, No. 11, p. 484, 1908.) 

Presents evidence proving the absence of coal in Luxemburg. L. 

Contributions to the Study of Coal. By H. F. Barn, S. W. Parr, W. F. 
WHEELER, C. K. Francis, N. D. Hamitton, F. W. DE Wotr, A. 
BeMENT, J. A. UppEN and D. Wuite in the Annual Report of Ill. 
State Geol. Surv. Bull. No. 8, pp. 151-272 with plates and figs. 

These various papers present useful information in the study of 
coal, such as a study of a “unit” coal substance having a constant 
thermal value; the alteration and the amount of ash in coal; also a 
discussion of the occurrence of coal in certain localities. A. 


FLUORSPAR. 


Die Flussspatgange der Oberpfalz. By M. PrirHAuser. Zeit. f. prakt. 
Geol. Jg. XVI., Heft 7, 1908, pp. 265-269. 

Describes the occurrence, structure and mineral associations of two 
fluorspar veins, and discusses their origin, which is attributed to 
“juvenile” waters. E. 

MAGNESITE. 


Die Minerale der Magnesitlagerstitte des Sattlerkogels (Veitsch). By 
F. Cornu. Zeit. f. prakt. Geol. XVI., 11, 1908, pp. 449-456. 

The minerals, including several new occurrences, are grouped as 
follows: I. Primary minerals of the magnesite mass (mostly derived 
by replacement of CaCO, by MgCO,) ; II., Secondary minerals filling 
cavities in the magnesite mass; III., Primary minerals of sulphide 
veins cutting the magnesite; IV., Epigenetic products of the sulphide 
veins; V., Recent deposition (aragonite as sinter and epsomite as efflor- 
escence). Every mineral is described in detail. L. 
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Zwei neue Magnesitvorkommen in Karnten. By K. A. Repricu. Zeit. 
f. prakt. Geol. XVI., 11, 1908, pp. 456-459. 
Brief descriptions of new occurrences at the Millstatler Alpe and St. 
Ostwald. i. 
OIL AND GAS. 


Petroleum in der Orange River Colony (Sud-Afrika). By G. J. Kett- 
NER. Zeit. f. prakt. Geol. XVI. Jg., 7. H., 1908, pp. 283-284. 
A brief description of the occurrence. L. 
Petroleum Fields of Illinois in 1907. By H. Foster Barn. Ill. State 
Geol. Surv. Bull. No. 8, pp. 274-312, 1907. 

Deals with the production, chemical composition, physical character, 
mode of occurrence and the various petroleum-bearing horizons of 
Illinois. Petroleum tests and drill hole results are also tabulated. A. 

Preliminary Report on the Coalinga Oil District, Fresno and Kings 
Counties, California. By R. Arnotp and R. Anperson. U. S. G. S. 
Bull. No. 357, pp. 142, pls. 2, 1908. 

Cites the location, topography and geology of the region; discusses 
the oil-bearing formations and the origin of the oil and describes 
various oil-fields. AS 


SALT. 


Wiirttembergs Salzwerks- und Salinenbetrieb in der Vergangenheit. By 
A. Scumipt. Gliickauf. Bd. 11, No. 28, 1908. 

Compilation of the earlier and present views on the geologic occur- 
rence of rock salt in the Wurttemberg Triassic; followed by a detailed 
review of the historical and technical development of the Wiirttem- 
berg salt works. Le 


STONE. 


Die Prufung der natiirlichen Bausteine auf ihre Wettertestandigkeit. 
By J. Hirscuwatp. Zeit. f. prakt. Geol. Jg. XVI., Heft 7, 9, and 
. 1908. 

I. (H. 7, pp. 257-2 . . .) General principles for the testing of stone 
for weathering qualities. II. (H. 9, pp. 375-392.) Discusses sand- 
stone, grauwacke, limestone, roofing slate. III. (H. 11, pp. 464-478.) 
General points of view on the testing of the crystalline silicate rocks: 
Granite; porphyry; trachyte, rhyolite, and andesite; basalt; volcanic 
tuff ; conclusions. L. 


WATER. 


Artesian Wells in Peoria and Vicinity. By J. A. Uppen. III. State Geol. 
Surv. Bull. No. 8, pp. 315-334, 1907. 


Important data on several wells in the district, the relation of the 
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underlying rocks to the water supply as determined by deep well 
borings and the increase of temperature of the water with depth. A. 

Preliminary Report on the Ground Waters of San Joaquin Valley, Cali- 
fornia. By W. C. MENDENHALL. U. S. G. S. W. S. Paper, 222, 
pp. 52, pl. 1, 1908. 

The increased agricultural needs have led to this investigation of the 
future water supply. A description of the topography with a dis- 
cussion of the surface and underground waters. A. 

Water Resources of the East St. Louis District. By I. Bowman and C. 
Reeps. Ill. State Geol. Surv. Bull. No. 5, pp. 120, with map and 11 
figures, 1907. 

A discussion of the problem of the future water supply and sugges- 
tions as to the care that must be taken in order to procure uncontami- 
nated water. Interesting tables are given of mineral and chemical 
analyses of water from varied depths, also of the location and records 
of wells in the district. Psi 

Grundwasserstudien. By K. Kertnacx. Zeit. f. prakt. Geol. XVI., 11, 
1908, pp. 458-464. 

I. The artesian groundwater course of the lower Ohertal: (1) Drain- 
ing of the forest and its influence due to downward flowing artesian 
water. (2) On the advantages and disadvantages of the continual 
flow of the artesian well. (3) Possibility of artesian water supply 
for Wolmirstedt and Neuhaldensteben. L. 


REGIONAL REPORTS. 


Die Erzlagerstatten von Dobschau und ihre Beziehungen zu den gleich- 
artigen Vorkommen der Ostalpen. By K. A. Repticu. Zeit. f. prakt. 
Geol. Jg. XVI., H. 7, 1908, pp. 270-274. 

Brief observations, supplementing or modifying statements of earlier 
writers, on several localities in the eastern Alps, showing them to be 
of like age and correlating them with similar occurrences in the 
northern Alps. <A sericitized quartz-porphyry, associated with the 
ore occurrences is regarded as horizon-marker. be 

The Geology of Morgan County, Mo. By C. F. Marsurt. Missouri 
Bureau of Geol. and Mines, Jefferson City, Mo. Vol. VII., 2d Series, 
pp. 97, with XIX. plates, 19 figs. and a map. 

A neat description of the physiography, forestry and general 
geology, well illustrated. The concluding chapter deals with the 
minerals of economic consideration and the mining history of the 

county. A. 
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The Geology of Pike County, Mo. By R. R. Rowrey. Missouri Bureau 
of Geology and Mines, Jefferson City, Mo. Vol. VIII., 2d Series, pp. 
122-+ XX. plates, 13 figs. and a geological map. 

Describes physiography, general geology and economic resources of 
the county. The last chapter, which occupies the last half of the 
paper, is given to paleontology; the fossils are described at some 
length and are extensively illustrated. A. 

Natur und Enstehung der Erzlagerstatten am Schneeberg in Tirol. 
By R. Canavat. Zeit. f. Prakt. Geol. XVI., 11, 1908, pp. 479-483. 

Describes character of deposits, notes similar occurrences, and dis- 

cusses data which point to magmatic origin of deposits. L. 
Year-Book for 1907. Ill. State Geol. Surv. Bull. No. 8. B. H. Foster 
Bain, Director, Urbana Univ. of Ill. Pp. 391, with illustrations, fig- 
ures and a map. , 


Contains several papers by various writers on the important results 
of the year’s surveys (including some of the papers cited in this 
bibliography ). A. 

ORE DEPOSITS. 


Fortschritte auf dem Gebiete der Erforschung der Mineralquellen. By 
R. DELKESKAMP. Zeit. f. prakt. Geol. Jg. XVI., H. 10, pp. 401-443, 
1908. 

I., General Review: (1) Principles influencing the occurrence of 
mineral springs. Dependence of the geologic development and surface 
form of the deposit. (2) Derivation of the water. (3) Derivation 
of the salt. (4) Derivation of the gases. (5) Causes of the ascending 
power and of the temperature. (6) The relations to ground water. 
(7) Sediments of mineral springs. (8) Observations of springs. (9) 
Chemical and physico-chemical analyses. Bacteriological investiga- 
tions. Radioactivity. Physiological effects. (10) Classification of 
mineral springs. (11) Spring protection. (12) Opening and filling. 
(13) Diversion. Propaganda. L. 

Uber Kaolinbildung. A rejoinder by H. Srremme to H. Roésler’s paper. 
Zeit. f. prakt. Geol. Jg. XVI. H. 10, pp. 443-445, 1908. 

Says that Résler’s theory limiting origin of kaolin to pneumatolytic 
and pneumatohydatgenetic processes is absolutely unproved. L. 

Mine Waters and Their Field Assay. By A. C. Lane. Bull. G. S. A. 
Vol. 19, pp. 501-512, 1908. 

Classifies waters as I., Meteoric: (a) rain, vadose, or pluvial, (b) 
buried or connate; II., Magmatic. Discusses occurrence of connate 
waters, citing four analyses, and chemical character of underground 

water and its importance. Last four pages contain hints as to field 

tests of mine waters. i 
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SCIENTIFIC NOTES AND NEWS' 


Witu1am P. Brake, Territorial Geologist of Arizona, has 
recently made a professional visit to the Bouse country, the dis- 
trict in the northern part of Yuma County, which is now attract- 
ing much attention from the mining public by reason of the 
completion of the railway from Wickenburg to Parker on the 
Colorado River. Old and new deposits of copper ore more or 
less auriferous are being opened up and promise to become large 
producers. A novel advertising feature of the railway manage- 
ment is the establishment of mineral exhibits at the stations, 
where large and representative specimens may be seen by the 
traveler, who is thus informed of the nature and variety of the 
mineral products of the region. 


Mr. JAMES FARLEY McCLeLLanp, of Palo Alto, California, 
will spend the months of March, April and May in New Haven, 
Connecticut. He has been invited by the Governing Board of the 
Sheffield Scientific School and Mr. John Hays Hammond to 
lecture on mining and give advice in the organization of the 
Mining Course in the Scientific School. 


FROM THE UNIVERSITY OF CALIFORNIA we have received the 
following notes: 


Dr. Andrew C. Lawson has been engaged recently in making 
a study of the lead deposits of the Bunker Hill and Sullivan mines 
at Wardner, Idaho, on behalf of the company owning the mines. 


Prof. A. S. Eakle is spending his sabbatical year in Europe. 
Mr. C. H. Cox, recently of Madison, Wisconsin, has been ap- 
pointed instructor in geology and mineralogy as a substitute for 


*Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 
or scientific studies undertaken by them, together with such other scientific 
and personal items as may come to their notice. 
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Prof. George D. Lauderback, who is taking a leave of absence on 
account of illness. 


Dr. ALBERT JOHANNSEN, of the U. S. Geological Survey, will 
give a course of lectures on petrology at the University of Chi- 
cago during the coming spring quarter. 


L. C. Graton, who has been engaged for some years on the 
U. S. Geological Survey in the investigation of copper resources, 
has resigned and taken the position of Secretary of the Copper 
Producers’ Association, with offices at No. 1 Liberty Street, New 
York. 


W. R. Hamitton, of San Francisco, has recently been ap- 
pointed chief geologist of the Associated Oil Company, one of the 
largest producers of oil on the Pacific Coast. His office is 730 
Wells Fargo Building, San Francisco. 


THE CALIFORNIA STATE MINING Bureau has issued under 
the direction of Louis E, Aubery, State Mineralogist, Bulletin 
No. 53, entitled ‘‘ Mineral Productions of California.” Aside 
from the usual statistical data concerning the quantity and value 
of mineral production by counties this bulletin contains a state- 
ment concerning the work of the bureau and interior view of the 
museum and of the Ferry Building in which the bureau is located. 
A special feature of the bulletin is the publication of individual 
maps of all the counties in California, which show all towns, 
post-offices, railroads, stage lines and the distances between points, 
making a very handy and useful guide for those who wish to leave 
the railroad and penetrate to the interior of the mining districts. 
These maps have been brought up to date, January 1, 1909, and 
should prove very valuable. 


BecAusE of the increasing importance of the classification work 
of the U. S. Geological Survey, it has become necessary to sepa- 
rate the administration of land classification, which involves 
questions of department policy in the construction of land laws, 
from the administration of geologic field work. The observa- 
tions of field men constitute the basis for all classification of 
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public lands by the Geological Surgey but the actual classification 
will hereafter be made by the land classification board. Before 
the findings of the board are reported to the director for trans- 
mittal to the General Land Office, the classification plats will be 
submitted to the field men concerned for criticism and on this 
criticism the classification will be finally adjusted. 

The Land Classification Board was created by order of the 
director December 18, 1908, and consists of A. C. Veatch, chair- 
man, with C. W. Hayes, M. R. Campbell and W. Lindgren as ex- 
officio members, constituting an advisory committee to which will 
be referred questions of policy and approval of standards only. 
The board has four divisions, with Mr. Veatch as chairman of 
each. Other members are as follows: Coal Land, C. A. Fisher 
and G. C. Martin; Metalliferous Deposits, H. D. McCaskey and 
F. L. Ransome; Phosphate Lines, F. B. Van Horn and E. O. 
Ulrich; Oil and Gas Land, Ralph Arnold and J. A. Taff. 


THE PRODUCTION of minerals in the United States in 1908 is 
as usual stated in large figures. Gold to the amount of $963,000,- 
000 is reported by the mint, an increase of nearly $6,000,000 over 
1907. The silver production was 51,798,053 fine ounces, a falling 
off in production of the previous year, owing to the low price and 
to the extraordinary output from Cobalt, Canada. Coal fell off 
to an approximate total of 400,000,000 tons, or 15 to 20 per cent. 
less than in 1907. The decrease was mostly due to business panic. 
Particularly was the coke industry affected, decreasing 48 per 
cent. in the Connellsville region, because of the decrease in the 
iron industry. The decrease in the production of coal in Okla- 
homa and Kansas was because of the great increase in the pro- 
duction of natural gas. Between 178,000,000 and 182,000,000 
barrels of oil were produced in 1908, an increase of about 10 per 
cent. over 1907. 


Mr. G. A. WARING, of the U. S. Geological Survey, spent the 
last half of 1908 in a study of the springs of the southern half of 
the state of California. This work is the beginning of an in- 
vestigation which may assume rather extensive proportions be- 
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fore it is completed. The work is intended to have popular value 
since the spas of California are annually attracting increasing 
attention, and in addition its scientific possibilities are attractive. 


Mr. H. R. Jounson, of the U. S. Geological Survey, who, 
during the summer just closed has been associated with Dr. Ralph 
Arnold in studies of the McKittrick Midway and Sunset Oil 
Fields, California, has returned to Washington for the remainder 
of the fiscal year. In addition to his work in the oil fields, Mr. 
Johnson, during the early winter, made a study of ground-water 
conditions in the southern part of the Mojave desert, where in- 
terest in water for irrigation is intense. 


Mr. W. H. Cope, Chief Engineer of the Indian Service, with 
headquarters at Los Angeles, California, is in Washington tem- 
porarily. Mr. Code is deeply interested in the construction of 
irrigation works on the various reservations in the arid states 
and territories, and in carrying out this work he has codperated 
extensively with the Reclamation Service. While in Washington 
he has effected an arrangement with the U. S. Geological Survey 
by which the ground-water conditions of the interesting Moki 
and Navajo reservations will be investigated during the coming 
summer season. The principal interest in the question of water 
supply on these reservations centers about the possibility of 
securing a quantity that will be adequate to serve the flocks and 
herds of the Indians, who are nomadic in their habits, but the 
possibility of securing water for irrigation purposes from under- 
ground sources will not be lost sight of. 


Mr. O. E. MEINzeR, of the U. S. Geological Survey, spent the 
early summer of 1908 in an investigation of underground waters 
in the arid and semi-arid sections of southwestern Utah. He 
returned to Washington before the beginning of the present 
year and is now engaged there in the completion of an extended 
report on the geology and underground waters of southern 
Minnesota. This report is prepared in codperation with Prof. 
C. W. Hall, of the University of Minnesota, and will include 
data that have been accumulating at the university for a number 
of years, 








the 
ma: 


nee 
fiel 


last 
anc 
cul: 
anc 
sou 


“c C 
anc 
Ger 
by 


inv 
wil 
ves 
wa. 
sin 
em 
lut: 
rec 
iro 
of 

als 


tai 
Mi 


mit 








lue 


ve. 


ho, 
ph 
Oil 


der 


ter 
in- 


ith 
-m- 
of 
ites 
ted 
ton 
vey 
‘oki 
ing 
ater 
of 
and 
the 
ler- 


the 
ters 


sent 
ded 
lern 
rof. 
lude 





— 





SCIENTIFIC NOTES AND NEWS. 199 


PROFESSOR GOULD, of the Oklahoma Geological Survey, says 
there is enough gypsum in Oklahoma to keep 100 mills, each 


. manufacturing 100 tons of plaster a day, busy for 34,000 years. 


Tue Oklahoma lead and zinc field is developing rapidly. There 
need be little surprise if within a few years it rivals the Joplin 
field. 


THE OKLAHOMA GEOLOGICAL SuRVEY, which was organized 
last July, had twenty men in the field during the late summer 
and fall. Two small publications have already been issued: Cir- 
cular No. 1, “ The Object, Scope and Purpose of the Survey,” 
and Bulletin No. 1, “ A Preliminary Report on the Mineral Re- 
sources of Oklahoma.” At the present time four reports are 
being written, namely: “ Oklahoma Building Material” and 
“Oklahoma Road Material,” by State Geologist Gould; “ Oil 
and Gas in Oklahoma,’ by L. L. Hutchison, Assistant State 
Geologist ; and ‘‘ Mineral Resources of the Arbuckle Mountains,” 
by Chester A. Reeds, of Bryn Mawr. 


THE MARYLAND GEOLOGICAL SuRVEY has just completed an 
investigation of the lime and cement products of the state and 
will shortly issue an elaborate report on this subject. An in- 
vestigation of the various iron ores of the state is also under 
way. Much historical interest attaches to the Maryland iron ores 
since they were mined early in colonial days and were later 
employed for the manufacture of the cannon used in the Revo- 
lutionary War. The carbonate ore has been mined down to very 
recent times on account of the high tensile strength of the 
iron produced. There is also a revival of interest in the mining 
of the brown hematite. Deposits of red hematite and magnetite 
also occur. 


BuLueTin No. 50, “ Copper Resources of California,” con- 
taining 366 pages, has just been issued by the California State 
Mining Bureau, Ferry Building, San Francisco. 

This bulletin furnishes a description of the different copper 
mines in the state, together with their location, names of owners 
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and their addresses. Maps and descriptions of the new copper 
districts are also included. The bulletin is up to date, and con- 
tains much information of value to those interested in copper 
production, 


The bulletin can be obtained by addressing the librarian of the 
bureau, and enclosing $1.20, which includes postage. 








